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February 21, 1992 

~e-H'9 -O~G}':2 - ;t~~{o ~ 
Document Processing Center (TS-790) 
Office of Toxic Substances 
Environmental Protection Agency 
401 M Street, SW 
Washington, D.C. 20460 

1111111111111 
88920881898 

Attention: Section S(e) Coordinator (CAP Agreement) 

Subject: 

Dear Sir: 

Occidental Chemical Corporation (•oxyChem•) 
Toxic Substances Control Act ("TSCA •1 
Section S(e) Compliance Audit Program 
Agreement No. SECAP-0063 

Attached find one original and two copies of the following ~ ocument: 

• Dechlorane Plus Metabrfism and Environmental Screening 
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This document Is being submitted pursuant to the TSCA Section S(e) Compliance 
Audit Program (•CAP•) and a CAP agreement executed botween OxyChem and the 
U. S. Environmental Protection Agency (Agreement No. SECAP-0063). 

The Identity of the chemical(s) tested In the study listed above are as follows: 

• Dechlorane Plus, CASI 13560-89-9. 

The adverstt effect(s) noted In the study listed above ure as follows: 

• A metabolism study In rat, with 14C-labeled matorlel demonstrated that 
Dechlorane Plus Is retained In the tissue and Is slowly excre~ed. 
Calculat9d Bloconcentratlon Factor based on the octanol-water partition 
coefficient was 7 million. 

If you havt. any questions on the Info, matlon contained herein, please contact me 
at (716) 286-3358. 

~ Occidental Chemical Corporation 
~•~ Corporate Environmental I.Nair• 
- Occi<t. t I C m I C nt r 

~yj :EJI) 
Ladd W. Smith 
Director, Product Stowerdshlp 

R nbOw Boul vard Sooth, PO Box 728, N ra F II NY 14302 0728 
71612 -3000 
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SCO MANAGEMENT ~EVlEW OF I?'[.,_._ JL_§_chs,_!l~a 
AGREEMENTS INVOLVING PROPRifTARY INFORMAT ION f3G, A. Balsam 

f4L, R. Walker 

The attached draft agree~ent plus one (l) copy has been e prepared by the Patent/legal 3ect1on at the request ofSamuel Gelfand , 
for rev ~ew and comment: 
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SECTJON A 
(To be completed by Originator) 

1. Subject OechloraneR Plus Mutagen1c1ty T_e_~_t_s_. _____ _____ _ 

2. Reason for Agre~m ent: ______________________ _ 

3. P.eviewed and Authorized 

SEC TI ON 6 

Please review the proposed a9reement 1r . ·: at1ng all change:s, 
co~rections and/or comments which you feel sh, d be made or ccn
s1dered. Comments for spet1!1 considerations lld be maJe ~n the 
space provided below: 

1. 

I( 

2. 

3. 

4. 

J~ ~ 6, 1979 
,, 1 ti a t1 o n O a t e 

Or1g1nator:samue] Gci f~nd ~ 4. 

Schongar 
N mt' 

L. B. 

(Management level fl ) 

bate: n1tia1: 
, G. A. 8 a ls ,m 
,Management evel 12 ) ___ 

Date: ln1t1al: - ·--- -
L R. Walk'r 

V. ~- Genera Manager 

Approval:• No _ _ Date : __ _ tn1t1al: --- -
*If no changes or corrections hav• been noted, please execute 
ind date b~th original and copy where indica t ed. 

Pl ase return this agreement to the D1v1ston Patent Counsel 
for 1ppropr11te handling of all cht~ges and/or comm,nts prior to 

ASAP 



Dr. Daniel Scharf 
Hooker Research Center 
Long Road 
~,and Islann, New York 14072 

May 3, l.979 

ReferencP.: SRI Project LSC-8060 

Dear Dr. S~harf: 

Two copies of our report entitled "Hetabol19m and Environi:lental 
Screening Studies on Dec-.hlorane Plus" are enclosed. The proposal to perform 
the additional requested work is being reviewed by ou~ contracts office 
and will be sent to you shortly. 

Because the aqueou~ solubility values in the report differed ~idely. 
we performed another solubility experiment. The experiment was perfonr.ed 
as described in the report. except that the sample centrifuging :ime was 
increased to 4 hours. Two samples were analyzed. For Isomer 1. we obtained 
solubility value~ of 44 ± 13 an~ 82 ± 12 ng/liter. For Isomer 2, we 
obtained values of 94 ± 46 and 277 ± 25 ng/lite~. All glassware except the 
centrifuge tubes were thoroughly cleaned with hot methylene chloride and 
burned before u~e. The Lentrifuge tubes could not be treated this way 
wtthout damage and we had no new ones. It appears that thay were contatnin&ted 
with D+ because the blanks for Isomer 1 and 2 contained l.6 ± 6 And 55 ± 18 
ng/liter of D+, re~pectively. These values were not 1ubtr acted from the 
solubility values reported above. 

It i ~ obvious that the aqueous solubi~ity of D+ is difficult to 
determin with precision and accuracy, 

F.ncloaur s (2) 

e SRI International 

Youra truly, 

David H. W, Liu. Ph.D., Y,.anager 
Aqua~ic Toxicology Program 

333 R1ven1wood Ave. • Menlo P11tl,., California 9-4025 • (415) :\28-8200 • Cable: STANRES, Menlo Park• TWX, 5>10-373-:124'8 
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28 September 1979 

Dr. Paul Nee• 
Hooker Research Center 
M.P.O. Box 8 
Niagara Falla, N~w York 14302 

Dear Dr. deea: 

I wish to clarifv the statements ~de in the last paragraph of the 
summary section of cur final report entitled, ''Metabolism and Environ
mentnl Screening Studies on Dechlorane Plus." 

In that paragraph, the statement" concening the potential hazard of 
Dechlorane Plus were based on the event that significant quantities of 
the compound are discharged to the aquatic environment. I understand 
that t~a compound was devtloped specifically for use as a fire reti,·.
dant in pla~tic eleccrical insulation material, and that when incor
porat•d into auch U1aterial, it becomes tightly bound. Used electrical 
~quipment rnd material a~e usually disposed of on land. It is thus 
unlikely that significant quantities of the compound will enter 
directly into the aquatic nvironment. 

On land, the hazard of the ~orupound should be very low. Becauae it 
binds tightly to pla"tic and haa an extremely low aqueous solubility, 
it ia unlike~y thnt significant amounts will leach from discarded 
electrical insulation. Any quantity that does ahould aorb immediately 
and quite firmly to the aoi1, confining the compound to thb disposal 
lite. 

cc: Daniel Scharf 

Sincerely, 

David H, W. Liu, Ph.D. , Manager 
Aquatic Toxicology Program 

e SRI International 
33J Aave11,wood A•i#tj , • Menlo Park, Cl\ 94025 • (415) 328-6200 • C;;blt: SRI INTL MNP • TWX: 010-373•1246 
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METABOLIS.1 AND E~IROW.fENTAL SCREENING 
Srt:DIES 0~ DECHLORA.,E PLUS 

Final Report 

25 April 1979 

By: Ors. T. W. Chou, D.H.W. Liu, W.R. Mabey, 
C. Mitoma, and J. H. Smith 

Prepared for: 

HOOKER RESEARCH CENTER 
Long Road 
Grand Island, New York 14072 

Attention: Ors . Paul Nees and Daniel Scharf 

SRI Project LSC-8060 

Approved by: 

~ (' i Q 0--- > 

David C. L JonLa, Director 
Toxicology Laboratory 

j)oJ~---
w. A. Skinner, Executiv Director 
Life Sciences Divi ion 

P. J. Jorgensen, Vice President 
Physical and Life Sciences Diviaion 

333 Ravenawood Ave. • Menlo Park, Callfornls 94025 
(415) 32&-6200 • Cable: STANnES, Menlo Park• TWX: 910-373·1248 



SUMMARY 

The results of our metabolism and environm~ntal screening tests 

on Dechlorane Plus (D+) are swmnariz~d below. 

Aqueous Solubilitv 

This parameter w•s difficult to determine. Direct results from 

solubility 'eriments with D+ indicated a solubility of 207 ng/liter 

for 001:: is( 1o • and 572 ng/liter for the other isomer. Indirect results 

from the sediment-wat •r partitioning experimen s uggeated that the 

solubility was about 44 ng/liter (total fo r both isomers). This lower 

value was considered to be the best estimat~ of the aqueous solubility 

of D+. 

Sediment Sorption 

The compound has a verv high affinity for particulate matter. Based 

on the sediment used in this study, its sediment-water partition 

coefficient is 4.5 x 106. 

Photolvsis and Oxidation in Water 

Both reactions were very slow. The photolysis h lf-life of D+ 

was estimated to be >24 years; the oxidation half-life was estimated tu 

be 2100 years. 

Metabolism and Excretion bv Rats 

14 After oral adminiatration of C-labeled compound (or D+), meaaurable 

~~iunts of radioactivity war• found in tiaaues and urine. The radio

activity was retained in the tissues and was alowly excreted. A 

metabolite was i¥olated from the liver extract but it waa not identified. 

l 
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Accumulation in Fish 

Steady-state (maximum) bioconcentration factor (0CF) va l ues for 

I>+, estimated from valuas for solubility and the sedilllent- and octanol

~~ter partition coefficients, ranged from about 52,000 to 16,000,000. 

The BCF, estilllated from a calculated octanol-water partition coefficient 

and using an EPA-recommended equation, was 7,000,000. Data from an 

exploratory bioconcentration test wer~ inconclusive because of the 

presence of particulate I>+ 1n the test so:ution. 

Degradation By Sewage Sludge 

The compound was degraded under aerobic conditions but not under 

anaerobic conditions. Considerable acclimation time ( > 2 weeks) was 

required before the aerobic microorganiSlllS began to oetabolize the 

compound . 

Interpretation of the Results 

The data indicate that if I>+ enters a natural body of water, it 

will probably persist for a long time. Moat of it will concentrate in 

the sediment; up to 44 parts per trillion may be found in the water. 

Desorption from the sediment will tend to keev the concentration in 

the water relatively conatant. Thu~, D+ presents a long-term hazard 

to aquatic organisms as well as to man if drinkins water aupplies are 

contaminated with it. 

2 



RECOMMENDATIONS 

We recommend additional studies to further define the environmental 

fate and biological effects of D+. Suggested studies follow. 

• Sediment Sorption. Sorption co sediment appears to be the 

major environmental fate of D+; however, this conclusion is 

based on experiments with only one kind of sediment. Additional 

so:-ption isotherms should be measured. 

• Microbial Transfomacion. Metl'bolism of D+ by aerobic micro-

organisms appears to be the major route for removal of D+ fr 

the aquatic environ:nent. However, our biotransfomation 

experiments were conducted under ideal conditions unlikely co 

be duplicated in the aquatic environm n:. The rate and extent 

of biotranafornation of D+ in natural water of differe1&t types 

(oligocrophic and eutrophic ) should be determined using frequent 

sampling to define acclimation and transformation patterns. 

Studies to identify and determine the acute t.Jxicity of 

metabolite and studie to determine whether microorganis~s 

can use D+ as a sole carbon source (as differentiated from 

cometabolism) should be considered. 

• ~etabolism and Excretion by Rats. The calculated Log P value 

for D+ iridicates that it may be highly lipophilic and could 

there!ore accumulate ~ignificantly in body tissues of animals 

on continu~us or repeated exposure. The design of our 

exploratory experiment was not suitable to investigate this 

poesibility. We recommend a repeated dose study a1 originallJ 

requested by Hoo~er Research Center. Our study 1howed that 

wh~n D+ is administered orAlly to rate, almost 100% of the 

doer 11 eliminat~d through the feces. This suggest• that 

D+ is not absorbea 1ignificantly from the gastrointestinal 

tracl or that it is rap :dly metabolized and eliminated 
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thruugh the bile. The actual process can b~ readily identified 

by using bile duct cannulated rats and monitoring the radio

activity in the bile fluid. 

• Carcinogen.c Potential. 0 ~ shows the potential for entering 

drinking water supplies and thus exposing humans to low levels 

of the compound for extended periods. The carcinogenic 

potential of D+ shoul1 be investigated using ,ne or more 

screcni~ tests for mutagenicity. 

• Eff cts in tic Orianisms. The calculated bioconcentration 

factors (BC, , or D+ in fish suggest that the compound will 

con~entrate in th tirsues of fish to an equal or greater 

extent th n compounds ~u~h as DDT or the PCBs. Our exploratory 

exp rilll nt ~as too short to determine the steady-stage BCF, 

and the static xpoaure technique appears unsuitable for D+. 

A full-scale bi~concentration test usi~g the flow-through 

expo~ure technique is au~gested. Long-tem effects should 

also be studied using the naphnia chronic test and/or the 

early life sta e test with ~athead minncws. 
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INTRODUCTION 

At the request of Hookar Research Center, SRI International per

formed a study to obtain preliminary information on the prr ',able 

impact of Dechlorane Plus (D+) on human health and thl.! envitonment. 

The experiments were performed to determine the following: 

• Aqueous solubility 
• SedimenL-water partitioning 
• Photolysis in water 
• Oxidation ~n water 
• Uptake and distribution in rats 
• Uptake by f1 li 
• D gradation by sewage sludge. 

The results of th• study are reported herein. The exp rimental 

methods and data ar~ p1esented in separate sections corresponding to 

each paraneter. 

~er ceived three Aamplea o! D+: 8 g of unl beled material 

(crystaliz d from benz nl.!/carbon disulfide) bearing no lot number; 

10 g of unlabeled material identified as Dechlorane Plus 25, Lot No. 
14 7033C; and approximately 725 mg of C-labeled material. Th labeled 

material was received from Pathfinder Laboratories, Inc., St. Louil, 

Miuouri, which aaaigned it a lot number of 80211; the other aampl s 

war r ceived from the Hooker Reaearch Center. Accordina to inform tion 

that accomp nied the ahipoent, the radiolabeled ,ample contained 

35 mCi 0£ carbon-14 and had A apecific activity of 31.5 mCi/mM. 

Dani 1 J. Scharf, Manager, Functional Additive• Research, Hooker 

Reaearch Center, lnforaed ua in a letter dated 20 June 1978, that th 

8-a ,ample o! unl beled material waa not repreaentative and ahould not 

be uaed. H net, in th atudy we ua d only the radiotabeled material 

and the unlabeled material identified aa Lot No. 7033C, 

s 



METiiODS AND RESULTS 

Aqueou Solubilitv 

We dissolved approxjmately 0.75 mg of D+ (Lot No. 7033C) in hexane 

and coated the walls of a clean 5-gallon glass carboy with the solution. 

The carboy was filled to the top with water froo a Millipore water 

purification system and a teflon stopper wit I a glass syphon was put 

into the neck of the carboy. The contents of the carboy were allowed 

t o equilibrate for about six w eks while t-ing stirred slowlJ wich 

a Teflon stirring bar aud a magnetic stirrer. During this time, the 

temperature of the carboy was monitored and found to be 22• r.: 2.s• c. 

Th syphon was flushed with several hundr•d milliliters of water 

before a sample was taken. The ,ample, consistin& of approximately 

150 ml of D+-saturated water. was placed in clean centrifuge tubes and 

apun for on~ hour at 8,000 rpm (~5000 .&). About two-thirds of the wat r 

in eac!l tube wa,i removed by a pipet placed 1/4" below the surface. The 

volum cf water removed was m asured in a graduated cylinder. Two 

centrifuginiis were nece3S&r)' to aet a 200-itl sample. The supernac.nt 

was extracted in a aeparato~y funnel with 20 ml of 15% methylen~ 

chloride in hexane, which wa also used to extract material from the 

wdls of the pipet and graduated cylinder. The combin d xtracts 

were anded to a Kaderna-Oanish (K-D) concentration apparatus through a 

funnel filled with sodium sulfate tor ove the ~at r. The !.,paratory 

funnel and the sodium aulf te we~e rtn ed with several aliquot» or th 

m thylene chloride-hexane mixture and added to th• K-0 apparatus. The 

volume of the extract was reduc~d to 0.5 ml on a steam bath. 

A~alyaia of th• ~t1acta w • p r fonned with 3 H wlett-Packard 

Model 5830A ga1 chromatoaraph quipp d wlth an electron capture det ccor. 

u,ina th following conditions: 

Column: 4' x l/4" o.o. gl u co:ltainina 5% OV-101 on 
80/100 ~ ah Chromoaorb C-ht&h 1erfonnance. 
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Gas: 95% argon/5% methane - 50 ml/min 

Oven temperature: 300° C 

Injection temperature: 325° C 

Detector temperature: 300° c. 

The solvent flush technique was used to maximize the precision of 

the analyses. 

D+ is a mixture of two isomers. The retention time was about 

11 minutes for Isomer #1 and about 12.5 minutes for lscmer #2. 

Standards of D+ made in hexane were used to quantitate both isomers 

in the concentrated water extracts. The assumption was made that the 

response factors of the isom rs are equal. 

Two water extracts and a solvent blank were analyzed in triplicate. 

The results of the analyses are presented in Table 1. Note, however, 

that th solubilities pre ented in the table are probably overestimates 

beca~s• the solutions an lyzed may hsve contained patticulate D+ (see 

below). 

Sediment-Water P rtitioning 

The D+ water solution used in this experiment was from the same 

source as that used in h water-solubility experiment. We centrifuaed 

this solution at 

used for the sorp 

ut 0 for 60 minutes. The supernatant was 

t ie • 

The sediment ( r 1hite Lake, ~ichigan) was provided by the Hooker 

Rea •rch Center. It ~•s taken at Station 2-B at a depth of 35 fe t 

on Dec mber 5, 1978; no additional information on it was provided. 

The sediment was a thick black ooze with a sulfurous odor &Pd a high 

organic content. We sieved the sediment to remove large (>2 mm) debris, 

suspended it in water, and allowed the mixture to stand for 30 seconds. 

The suspended material was removed and the concentration of o+ in the 

sediment was measured. Thia 1u1pen1ion was then diluted to a concen

tration of 7.2 x 10-5 g/ml for use in the sorption i1othen11. 
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Table l 

CONCENTRATION OF ISOMERS #l AND 12 
IN WATER SAT1JRATED IN D+ 

Isomer 11 
(ng/liter) 

_Samole Ill 211 
210 
236 

Mean 219 

9 5X Confidence range ± 37 

SamEl 112 193 
198 
192 

Man 194 

95% Confidence range ± e 

Pooled Data 

Man 207 

95% Confidence range • 13. 6 

~ 
Inlignific nt 

8 

Isomer #2 
(ng/liter) 

623 
603 
685 

637 
:!106 

507 
515 
502 

508 
± 16 

572 
± 63.3 

InaignUicant 



Three mixtures were prepared. One mixture was a blank containing e D+ and water, but no sediment. The other two were duplicat"S and 

contained D+, water, and sediment. The mixtures were made as follows: 

Volumes Used (ml) 
D+ Centrifuged Sedimenr Suspension 

Mixture Solution Water (7.2 x 10-s g/ml) -· 
l 200 200 0 

2 200 196 4 

3 200 196 4 

The mixtures were shaken overnight and then centrifuged at about 

4500 g for 90 minutes. The supernatant (top 300 ml) was extracted 

with 15% CH
2
c1

2 
in hexane. In Mixtures 2 and 3, the bottom 100 ml 

and the cept.rifuge tubes were extracted together. The bottom 100 ml 

of Mixture~ was extracted separately from the centrifu tubes. The 

solvent extracts wer filttred through anhydrous Na2so4 and concentrated 

uaing a K-D apparatus. The concentrated solvent extracts wer analyzed 

by the aam procedures as those used 1n t~e detar1'\inatio\1 of the water-

solubility ot D+. 

'l'able 2 1ummal'iu1 the analytical results. The abnormally high 

amount of D+ in Sample 1-BL compared to Sample 1-TL indicates that 

particulate D+ was present. Sine• Sample 1 was diluted by half with 

water and centrifuged about 2,5 times longer than th aamplc1 in the 

aolubility experiment, th 1amplea in the solubility experiment 

probably also contained particulate D+, The value for Sampl• 1-Tt. 

probably represents a better estimate of the aolubility of D+ in water 

than the value• for th two isomers pr ,anted in Table 1, Thus, we 

estLDate th• solubility of D+ in water to be (4.41: 0.02) x 10-
5 

µg/ml 

or 44.l ± 2 ng/liter. 

The calculation of th• amount of D+ 1orbed on the sediment in 

SamJle1 2 and~ was corrected for th• amount of 1uluble and particul te 

D+ in the bottom of the centrifu tub: 
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Table 2 

ANALYTICAL RESULTS OF ISOTHERM 

I>+ in 
Sal"!ple Solvent Extrar.t 
lfout- r• (µg) - --

1~-- r ~ 13,2 X ,o-3 

13.4 X 10-3 

1-. 37.5 X 10 -3 

42,1 X 10 -3 

1-CT -3 1.57 X 10 

2-TL 6.56 X 10 -3 

8,96 X 10 -3 

2-BL+S+CT -3 43,3 X 10 

45,6 X 10 - 3 

3-TJ. 7.09 X 10 -3 

7.57 X 10 -3 

3-BL+S+CT 47.4 X 10 -3 

47.6 X 10 -3 

*TL• Top liquid 
BL• BottoM liquid 
S • Sediment 
CT• Centrifuge tube. 

Volume C Extracted w 
(ml) (~g/ml) 

300 4.40 X 10 -5 

-5 4.43 X 10 

100 

Tube 

300 2.19 X 10 -5 

2.99 X 10 -5 

100 

300 2.36 X 10 -5 

2,53 X 10 -5 

100 

10 

C K 
p 

s 
(cs/cw) (ug/g) 

74 3,5 X 10 6 

106 

133 5. 5 :x 10 6 

136 



D+ •D+ -D+ -D+ aorbed BLTS+cT particulate soluble 

D+ - D+ /-i soluble n ~ 

D+ - D+ - D+ /3 partir.ulate 1-BL 1-TL 

All the D+ was a11umed to be in either the aedi~ent. the particulate, 

or i,1 solution. A check of the amount of D+ adsorbed to the walls of 

the Cdntrifuge tubes showed only relatively small amounts in th blank 

contail1ing no sediment. It was aaaumed that D+ would preferentially 

absorb to the sediment in tho1e samples where sediment had been adaed. 

We calculated th~ aorption partition coefficient (K) and estimated 

error to be (4.5 ! 1.9) x 10
6

. P 

Photolv ii in Water 

\led termined the rate of photolysi1 of D+ in hexane and in water. 

First. we perfcni d a prtliminary exp riment in which a hexane solution 

of D+ wa1 irradiated for two w eka and itl &••-liquid phase chromato

araph (alpc) trAce was compared with that of an identical solution 

kept in the dark (c~ntrol), Thia is a procedure we have recently 

adopted for compound• that we expect to have low aqueous 1olubility 

and low photolabiljty. lt permit- u~e of a hicher. and thu1 a more 

ea1ily quantitated, concentratio11 of co~pound and provides information 

on whether work with aqueous aolution• 1• then nece11ary. 

Second. uain& information obtained from the preliminary experiment 

aa a auide. we irradiat•d two 1-ppm 1olution1 of D+ for 168 houra. 

One 1olution was prepared with distilled w ter. and the other waa 

prepared with natural water from a nearby eutrophic lake, We added 

acetonitrile (5X of total volume) to both 1olution1 to complet ly 

1olubilize o+. The chr,matograiu of the two 1olution1 were coMpar d 

with choae of identica: 1olution1 kept in the dark (control). 

!o photoirradiate the aolutiona, we uaed a 450-watt mercury lamp 

with a borosilicate ia:m raion well. The boroailicat wall alao aarvad 

11 



as a filter allowin& only wavelengths above 290 nm lo reach the solutions. 

This irradiation system does not duplicate the photon flux and wave

length distributions of natural sunlight; hovever, it does provide 

several linu of t.igh photon tluxes in the solar spectral region. With 

this system, pl,ototransformation occurs more rapidly than in natural 

sunlight and thus facilitates t•\e e7periment. 

Analyses for Ot and its phototransformation products were performed 

with a glpc equipped with an electron cap~ure detector. Before a~alysis, 

the aqueous solutions were extTacted with a methylene chlo~ide-hexane 

mixture, and the extract was reduced to 1.0 ml using a K-D evaporator. 

The photoi=radiation system was roughly calibrated using .E_-ctesol 

as a reference compound. In a pr•vious studv (Smithe~ al., 1~78), 

we determined the h3lf-ljfe for .E_-cresol to be 70 days when exposed to 

natural sunlight (spring seasoa) with a quantum yield of 0.08. The 

r~t• constant for photolysis of .E_-cresol in the above system was 
-2 -1 

7.5 x 10 hr • 

In the preliminary experiment with D+ in hexane, the chromatograms 

of the irradiated and control ~olutions of~ were similar except that 

in the irradiated solution, w found an e,rly eluting ?e•k that repre

sented 15% of the total integr~ted area in the chromatogram of the 

irradiat d solution. This peak was d tectable but not integratabJe 

in the control chromatogram. Dy analc:6y to photolysis of other 

bicyclic chlorinated hydrocarbons, we believe that this peak may 

represent a reduced product, which can result fr~m phot~dissociat1on 

of a C-Cl bond follo~ed by H-at?m abstraction froM the hexane solvent. 

The total areas under th• two D+ peak.a in the chromatoaram of the 

control solution and the tot~l areas of the two D+ peaks plus that of 

the ar•ater peak in the irradiated solution each comprised about 95% 

of the total integrated area in their re1pective chromatoarams. this 

suaaeats r.hat the greater peak represents a phototransformntion 

product of Ot. 

In the experiments with ~queous solutions of Ot, the chrom.toara~s 

of the irradiated and control solutions wren arly id ntical: th• 
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integrated ar~as under the two D+ isomer peaks amounted to 63 t.J 67% 

and 21 to 24% of the total integrated area in each chrom. o~raru. 

AJthough we did not use an internal standard Juring the anaiyseR, we 

e1timate thst no more than 10% could have been lost to photolysis. 

I f • ~ e=ror occurred, we believe it to be from the uncertai nty in 

the volun.e ( l . J ! 0.1 ml) to which the extracts were rP.duced in the 

K- D (vapcrator. 

TI1e chr0t11at og~a1US of the pho l vl)zed an~ control aqueous solutions 

shewed the same early-eluting p2ak found i n the photolyzed D+/hexane 

solution, but this peak was not as great~~ ch~t found in the latter. 

The greater peak in the hexane solutions may~~ ~ttri butable to some 

pecularity in the hexane solvent experiment (such a s i~duced photo

reduction) or to the possibility that in water, photod1~,ociation of 

the C-Cl bond of D+ leads to products that are not compl~ ~~ l y extrac

table with methylene chl ori de-hexane. In any event, a 16~ 1ncreaoe 

in the concentration of the apparent photoproduct (15/ 95 x 1001) 

in the irradiated D+/hexane solution after 2 weeks is within our 

extimated 10% error for the 1-week experiment with the aqueous solutions. 

An upper limit on the photolysis half-life of o+ in aquatic 

systems can be estimated froo the above infornation using the following 

reasoning and assumptions: 

1. If we assume that the experimental error in our analyses 

was 10%, then at least 90% of the o+ re·nained afte r 168 hours of 

photolysis in our photolysis apparatus. AssUl!ling the photolysis of 

o+ follows first-order kinetic behavior, as is usually encountr· J for 

chemi~als in dilute solution, the photolysis ra~e constant ~~1 ~n 
-4 -1 our system is <6 x 10 hr , which corre1pond1 to a half-li f L --

>48 days. 

2. The •quation for calculating the photolysia rate of a chem!c&l 



where ♦ is the reaction quantux:i yiela that measure• the efficiency of 

- the photolytic process in converting 3baorbed light (i.e., energy) 

into chemical reaction, and the term tcAIA is the sum of the products 

of the light intensity IA and the absorption coefficients oi the 

chemical cA 1n specific ~avelength intervals centered 3t the wavelength 

A, To estim.at~ the sunlight photolysis rate of I>+, we assume that for 

the photolysis of I>+ and .e.-cresol 1n the same light source, the EtAIA 

terms are equal; this, then, assumes that the difference in photolysis 

rates of I>+ and ,P_-cresol is due to the quantum yields. 

3. The maximum possible reaction quantum yield for I>+ photolysis 

can then be estimated by reference to .e.-cresol data (designated by c) 

♦ -I>+ 

and the photolysis rate constant from (1) above. It should be remembered 

that this quantum yield is based on M limit of detectability of the I>+ 

photolysis reaction, and the quantum yield may he much amaller than 

6 x 10-4 aa calculated above. 

4. The limiting half-life for photolysis of I>+ in aquatic systems 

may also be estimated using the equations and assumption stated in 

(2) above. 

.tn2 
t~ - ~.3♦tcAIA 

C 1n2 D+ 1n2 
t~ - 2.3♦ctcAIA • t~ - 2.3♦I>+ttAIA 



It is thu~ apparent that I>+ photolysis in aquatic systems is very slow. 

Oxidation in Water 

Before we actually perform experiments to determinP. the rate of 

o~idation of a compound in water. we customarily estimate the first

order rate constant and the half-life of the compound to determine 

whether the experiments are necessary. We estimated the first-order 
-8 -3 -11 -1 rate constant of I>+ to be (10 x 10 ). or 10 sec • which is 

equivalent to an oxidation half-life of 2100 years. 

A recent studv slowed that the conc~ntration of peroxyl radicals 
-8 -9 in sunlit natural water ranges from 10 to 10 M. and that the 

first-order rate constants for the oxidation of cycl~alkanes like D+ 
-3 -4 -1 -1 are in the order of 10 to 10 M sec (Hendry et al •• 1974). 

In estimating the rate constant for I>+. we used the higher values for 
-8 both the peroxyl radical concentration (10 M) and the cycloalkane 

rate coatant (10-3 M-l sec-1). ~e decided that it ~as unnecessary 

to experimentally measure the half-life of I>+- because it ~as clear 

that peroxyl radical oxidation of the compound is not an important 

transformation process. 

Metabolism and Residue Studies 

We prepared a suspension of 14c-r+ by mixing approximately 10 mg 

of the compound with 5 ml of water containing 5% each of Tween-80 

and gum arabic, Analysis of this suspension showed that it contained 

27.6 uCi (0.57 mg) of 14
c-I>+ per 0.5 ml. 

We administered 0.5 ml of the suspension orally to each of six 

Sprague-9awley rats that weighed b3tween 160 and 200 g each. Three 

of the ratd were kept together in a large metabolism cage and sacrificeci 

4 hours posttreatment. The remaining rats were kept in individual 

metabolism cages nd sacrificed 24 hours oosttreatment. 
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The levels of radioactivity in samples of the blood, urine, and 

- a homogenate of the liver we.re determined directly after solubilizing 

the samples in Scintisol (Isolab, Inc.). Bef~re radioanalyzing samples 

of drjed feces and a homogenate of the kidney, we combusted th~m in 

a Packard Tri-Carb Oxidizer (Model 8306). All samples were analyzed 

in duplicate. Radioanalysis was performed with a Searle Analytic 

M.lrk III liquid scinti-lation counter. The level of radioactivity in 

the whole organ8, body fluid, and feces were detenn.lned by multiplying 

the radioactivity found ~er un~t weight or volume of the radioanalyzed 

subsample by the weight of the organs and feces or by the total volw:.c 

of thP collected fluids. The total volume of blood was estimated. 

To determine whether the radioactivity found in the liver was 

D+ or a metabolite, we pooled the liver homogenates from the rats 

sacrificed 4 hour~ posttreatment and extracted the pooled sample w~th 

3 volumes of ethyl acetate. The extract was dried over aodium aulfate 

and then further dried with a stream of nitrogen. The dark brown 

ayrupy residue was dissolved in benzene-ethanol (1:1) and chromato

graphed on a Sephadex G-15 column (1 x 20 cm). The column was eluted 

in succession with about 10 ml each of benzene, benzene-ethanol (1:1), 

and ethanol. The colored, 5-ml portions of eluate in the first four 

tubes were discarded. Th~ colorless eluat e in the fifth tube contained 

a aufficient mount of radioactivity to concentrate and an•lyze by 

thin-layer chromatography (tlc). We spotted a silica gel 60F plate 

with a 14c-o+ atandard, the liver extract, and a mixture of the standard 

and liver extract and developed it uaing cyclohexane-acetone (9:1) as 

a solvent. The plate was then autoradiographed for several days. 

Table 3 preaenta the level• of radioactivity (expre11ed as the 

percentage of the adminiatered amount) in the tlood, kidneys, liver, 

urine, and feces of the aix orally treated rata. The dat~ show that 

very little of the adminiltered cottpound ii absorbed fro.ii the gaatro

inteatinal tract. An average of 94.6 percent o! the administered 

radioactivity appeared in the feces. However, wh~n abaorbed, D+ ia 

excreted very alo~ly as evidenced by virtually no change in the level 
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,~ ...., 

• 
Ti.lie 

Post-Treatment 

4 rlours 

24 Hours 

-
Table 3 

DISTRIBUTION OF TOTAL RADIOACTIVITY 

(Percent of Administered Amount) 

Blood* Kidnei Liver 

1.6 X 10 -2 -3 2.0 X 10 3.3 X 10 -2 

-2 1.5 X 10 0. 7 X 10 -3 -2 3.8 X 10 
-2 1.2 X 10 -3 0.4 X 10 -2 2.1 X 10 

-2 0.7 X 10 -3 0.7 X 10 -2 1.5 X 10 
-2 1.4 X 10 1.5 X 10 -3 -2 4.6 X 10 
-2 1.0 X 10 1.5 x 10 -3 -2 3.1 X 10 

Urine 

-4 
2.8 X 10 t 

-4 8.3 x 10 t 
-4 6.3 X 10 t 

-3 6.0 X 10 
-3 5.7 X 10 
-3 3.5 X 10 

* Calculated on the basis of 8% of the body weight representing blood. 

t Urine in t,ladder. 

-

Feces --

76.13 

104.8 

103.01 



radi~~~tivi:v in the blood, kiqneys, and liv~r ber :een 4 and 24 hours 

- post-treatment. 

Table 4 shows the concentration cf radioactivity, expressed as 

disint&gr3tions/min/gram (Jpm/g), in the blood, llver, and kidney. 

The higher amr tin the liver than in the blood or kidney Sl ggests 

that this organ may be the major rite of metabolism and elimination of 

o+. Because the molecular weight of the compound is about 700, some 

of the compo,Jnd and i t s metabolites would be expecteci to be eliminated 

through the bile. Hence, we believe that part of the radtoactivity 

jn the feces repr~sents metabolite~ xcreted via · ne bile. 

Table 4 

TISS: .. £ CONC'ENTRATlON OF RADIOAt:Tl vITY 

(dpm*/g) 

Ti 
Pos t-Trea tm _!l!. !12,od Liver Kidnev 

4 Hours 667 2796 799 
598 3287 268 
460 1841 173 

24 Hours 345 1348 312 
540 3366 496 
391 2309 526 

• Disintegrations/minute. 

That o+ is metabolized by the rat was evident from the autoradio

arams of the tlc plate after the liver extract had been chromatoaraph d. 

n1e 1utoradio1ram showed that the o+ standard had an Rf o! 0.48, with 

minor contaminants at Rf of 0.23 and 0.04, Th• liver extract had an 

Rf of 0,3J, whict ~as clearly different from the Rf values for the 

cuntami r.m1ls, thcrefure indicating that the compound was a metabolit 

of o+, Rf 11 definen aa th ratio of the distance traveled by the 

zore C•p~t repreaentini the chromatograph d material) and the diatance 

trav ltd by the oolv•nt f ~ont. 
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Bioaccumulation in Fish 

We exposed 12 bluegill surti~n ( L~pomia machrochirus) for 96 hours 

to 30 liters of dechlorinated tap ~a1·~r containing an average of 
14 283 dpm/ml of C-D+. We radioanalyzed two water samples and three 

whole fish each ~t 48 and 96 hours. The other aix fish wer e trans

ferred to a 19-liter aquarium and maintained in clean, flowing water 

for the next 96 hours. During this clearance period, three fish each 

were radioanalyzed at 48 and 96 hours. No water samples were collected. 

Exposure occurred in a covered cylindrical glass container, and 

the test solution was aerated gently throughout the exposure period. 

The fish were not fed furing the 192-hour experiment. 

Ul the eamples were frozen and the radioactivity was detennined 

at the end of the experiment, using a Searle Analytic Mark III liquid 

scintillation counter after thawing the 1amples. The ~3ter aamples 

were analyzed directly in Scintieol (Isolab, Inc.). The fish were 

weighed and prepared for radioanaly1i1 by homogenizing them in 5 

volumes of distilled watPr and combusting am asured volume of the 

homogenate in an oxidizer (F ckard Tri-Carb, Model B306). 

The r~sult1, presented in Table 5, were inconclusive primarily 

be,au,e of extreme variability in the measured level• of radioactivity 

in ~plicate water and fish samples nd the absence of a logical 

pettern in uptake and depuration. 

We beli•vc chat the problem waa due to the pr~1ence of particulate 

D+ in th~ teat 1olution. To achieve a measur ble level of radioactivity 
14 

in the test eolution, we had to •lae an excess amount of r.-o+. Our 

attempt to prepare a true eolution with meaeurablu level• of radio

activity failed. In that trial, we di1aolved the labeled material in 

hexane, coated the bottom of the expo1ure chamber with the hexane 

1olution, and evaporated off the hexane. We added 30 liters of 

dechlorinated tap wate r to the chamber, 1tirred it continuou1ly for 

1ev ral day,, an1 radioanalyzed a 1ample of water daily. None of th• 

1ample1 contained a detectable level of radioactivity. To achieve 
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Phase and 
Sampling Time 

Uptake 

48-Hour 
96-Hour 

Depuration 

48-Hour 
96-Hour 

Table 5 

LEVEL OF RADIOACTIVITY IN FISH 
EXPOSED TO 14C-D+ 

Average Radioactivity (dpm)/ 
Gram of Sample 

---=-F~-

1,798 i 1,281 
614 ± 47 

25,843 i 33,314 
1,299 ± 1,235 

Water 

256 ± 224 
311 ± 219 

fil"' 

7.02 
1.97 

"'Radioactivity in fi1h divided by raJioactivity in water. 

a detectable level, we dded more of the hexane solution directl y to 

the water. Thia produced a suspension of D+, as evidenced by the 

presence of fine white particles. 

We believe that different fish ingested diffeLent amounts of the 

particles, aivin& rise to the large variation in the level of radio

activity wnong the fish. Nonhomogen~ous distribution cf the particles 

also caused problems in achieving reproduciul e counts for the water 

samples. 

Several equations have been developed to calculate the ateady-atete 

(maximum) BCF of organic compound• from kno11r. values for the aqueous 

solubility, sediment-water partition coefficient, and octanol-water 

partition co ff1cient. Theae equation• are uaed primarily to ob~ in 

a rough estimate of the BCF. 

An equation proposed by EPA (Federal Register, 1979) ia 

Log BCF • 0.76 Log P - 0.23 (1) 

where Pia the octanol-water partition coefficient. Kenai• and Goring 

(1978) determined th• relationship between experimentally derived BCF 
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values and experimentally derived values for aqueous 1olubility, the 

- 1011-water partition coefficient, L"\d the octanol••water partition 

coefficient, a,1d developed r:'1c following equations to express the 

relationship,: 

Log BCF .791 - 0.564 Log ws 

where WS equals the aqueous solubility of the compound in mg/liter. 

Log BCF • -1.579 + 1.119 Log K oc 

where K is the 1edi~ent-water partition coefficient. 
oc 

Log BCF • -1.495 + 0.935 Log P 

(2) 

(3) 

(4) 

To calculate the BCFs, we u1ed the following equation input values: 

• W•ter solubility: 4.4 x 10-5 mg/liter (revised value) 
-4 and 3.89 x 10 mg/liter (averagr of the original values 

obtained for the two isomers of D+), 

• Sediment water partition co•fficient: 

• Octanol-watut partition coefficient : 

6 4.4 X 10, 

9 1.99 X 10 , 

All of the vnluea, except the octanol-water partition coefficient 

(P), were derived experimentally in this 1tudy. We calculated P using 

a computerized program developed at SRI for chemical 1tructure-activity 

research. The calculated BCFs are pre1ented in Table 6. Although 

th~re i1 poor agreement in the BCF value,, all indicate that D+ could 

concentrate 1ignificantly in fish, and to a greater degree than some 

well-known compounds 1uch a, DDT, chlordane, dieldrin, hexachlorobenzene, 

Aroclor 1016 and 1242, which have re1pftctive BCF1 of 61,600 (Hansen 

and Wilson, 1970), 11,400 (Pariah et al., 1976), 5,800 (Reinert, 1972), 

8,600 (Mocek et al., 1976), and 49,000 (Hansen et al., 1975). 

Degradat ion by Sewage Sludge 

W determined the magnitude of degradation of D+ by aerobic and 

anaerobi c aewaae 1ludae microoraaniald, Both kind• of oraaniama were 

obtain d from a sewage treatment plant in Menlo Park, Cal1£ornia. 
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Table 6 

STEADY-STATE BCF VALUES CALCULATED FROM VALUES FOR 
AQUEOUS SOLUBILITY, SEDIMENT-WATER PARTITION COEFFICIENf, 

AND OCTANOL-WATER PARTITION COEFFICIENT FORD+ 

Equation Eguation ln2ut Calculated 

Used Value Para~eter BCF 

2 
-5 ws 4.4 X 10 mg/1 

2 
-4 3.89 X 10 mg/1 ws 

1 1.99 X 109 p 6,886,523 

4 
9 p 15,867,189 1,99 X 10 

3 
6 716,182 4,4 X 10 K oc 

The effluent containing aerobic organisms had a pH of 7.1 and a total 

suspended matter (TSM) concentration of 185 mg/liter. The pH and TSM 

for the effluent with anaerobic organisms were 6.9 and 3910 mg/ liter, 

reap ctively, 

In the aerobic degradation eXl)eriJDent, we pl ced 100 ml or aerobic 

effluent in each of several 250-ml Erlenm•yer !laaka and injected D+ 

into each flask with a Hamilton microayrin&e, One aeries of flasks 

received 10 µl of benzene containin& 21,8 µg of D+ with 0.89 µCi of 

c~rbon-14; another aerie• received 40 µl of benzene containing 87.2 µg 

of D+ vith 3.55 µCi of carbon-14. The final concentration of D+ in 

the fla1ka in the two erie1 wa1 218 and 872 ug/ml, re1p ctively. For 

control•, we u1ed fla1ks that had been 1terilized in an autoclave 

after introducing the activated 1ludge. The D+ concentrations ar• well 

above the limit of the aqueou1 1olubility of D+; hence, most of the 

compound wa1 in 1uspen1iun. 

The fla1k1 were 1ealed with cotton plua• and incubated at 25• C 

in a temperature-controlled 1haker. Som of the fla1k1 were incubated 

for 2 week• and thereat for 6 weeks, Aftor incubation, duplicate 

fla1k1 were r moved from the 1haker and the con:ent• were extracted and 

analyzed for radioactivity and by thin-layer chromatography (tlc). 
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In th• anaerobic dearadation experi~ent. we used 125-ml Erlenmeyer 

fl~•ks with 100 ml of anaerobic effluent in each. The amount of 
14c-o+/fla3k was the same aa in the aerobic degradation experiment. 

The flaat ~ere flushed with nitrogen as and sealed with rubber 

stoppers. each of which waa equipped with a gla•~ outlet tube connec:ed 

to a teat tube containing 10 ml of 0.5N KOH to trap radioactive co2. 

The fla1k1 were incubated statically at 35• C (the normal temperatcre 

in the araerobic digester at the Menlo Park Sewage Plant) for 2 and 

6 weeks. 

We extracted the content■ of the 2-week incubated flaaka three 

time• with 60 ml of hexane-iaopropanol (3:1) and washed the pool~d 

extracted material wi th 50 ml of water to remove iaopropanol. r.,e 

aqueous fraction was adjusted to pH 2 with 10% phosphoric acid and 

extracted twice with 60 ml of ethylacetate. We found the hexanol

iaoprooanol extraction procedure to be aomewhat inefficient and 

tediou■• 10 for the 6-week incubated flAaka we used benzene (40 ml, 

3 time&) instead of hexanol-iaoprop~nol aa the primary cxtractant. 

We measured the ~olume of the two aolve~t fraction• and the 

aqueou1 fraction and removed a 1-ml aliquot fr0111 each ~r radioanalyaia 

(liquid scintillation'. The remainina volume of each fraction wa■ 

dried over aodium aulfat•• eva;>orated under vacuum at 40• c. and 

concentrated to 2 ml with a atream of nitrogen gas at room temperature. 

Aliquot■ (50 to 100 ul) of the concentrated fraction■ were potted on 

ailica gel tlc plate• and developed with cyclohexane~cetone (9:1). 

The developed plate• were autoradiographed. 

Tabl•• 7 and 8 pre1ent the radioanalytical re1ult1 of the aerobic 

degradation experiment. Both the aerobic and anaerobic experiment• 

were deaigned to determine whether degradation occurred by exa~inina 

the relative diatributicn of radioactivity in each of the fraction • 

We uted hexane-i1opi-opanol or benze\ltt to extt'&Ct the nonpolar compo

nent■ (prinl" r ily D+) and ethylacetat• to extract the polar compound•. 

The preaence of radioactivity in the ethylacetate extract and the 

1queou1 fraction would indicate tht pre1enc• of metabolite■. 
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Table 7 

PERCENT RADIOACTIVITY OF ADDED 14c IN EXTRACTION FRACTIONS 
OF 2-WEEKS-INCUBATED AEROBIC BIODEGRADATION TEST FLASKS 

Flasks Viable Sterile 

14 6 Added C level (x 10 dpm) 1.97 7.88 1.97 7.88 

Hexane-isopropanol fraction 50.5% 58.5% 72.3% 81.6% 

Ethylacetate fraction 21.3% 9.0% 4.0% 3. n; 

Aqueous fraction 5.3% 8.1% 0.2% 0.2% 

TOTAL 77 .1% 85.6% 76.5'- 85.5~ 

Table 8 

PERCEN1 RADIOACTIVITY OF ADDED 14c IN EXTRACTION FRACTIONS 
OF 6-WEEKS-INCUBATED AEROBIC BIODEGRADATION TEST nASKS 

Flasks Viable Sterile 

Added 14 6 C level (x 10 dpm) 1.97 7.88 7.88 

Benzene fraction 32.2% 0.10% 85.7% 

Ethylacetate fraction 10.1% 0.05% 6.0% 

Aqueous fraction 0.6% .JL..Ql% 0.4% 

TOTAL 42.9% 0.16% 92.1% 

24 



• The presence of radioactivity in the ethylacetate and aqueous 

fractions (Table 7) suggested that I>+ had been metabolized; however, 

no labeled metabolites were present on the tlc plates. The only 

labeled compounds on the plates were I>+ and its contaminants. Examina

tion of the autoradiograms of the tlc plates of all fractions from 

both experiments (aerobic and anaerobic, 2- and 6-veek) also failed to 

reveal the presence of metabolites. 

We therefore decided to use the difference between the total 

radioactivity recovery values in the viable and sterile (control) 

flasks as an indication of biodegradation. Thia decision waa based 

on the hypothesis that if metabc ' am occurs, I>+ is ~apidly converted 

to co2 and water, for which we had •~1ne evidence (see below). 

Usina this method of evaluating the data, we concluded that little 

or no degradation of I>+ occurr ed in the 2-week aerobic flasks (Table 7), 

but that a high percentage was degraded by the aerobic microorganisms 

in the 6-week flAaks (Table 8). Unde&,robic conditions, no 

degradation occurred (Tables 9 ~nd 10); also, no radioactivity was 

found in the CO2 traps. 

Using 1,ome ?f the 6-weeks-i ncubated nerobic flasks, we atte~pted 

to deterlDine whether I>+ was indeed metabolized to co2 and water by 

installing a co2 trap in several flasks. The average amount of radio

activity recovered frnm the trap was about 1% of t~e total added 

r•dioactivity. Installation of the trap prev nted adequate aeration; 

hence, I>+ was metabolized very slowly . Nevertheless, it appears that 

co2 is a metabolic product of I>+. 



Table 9 

?ERCENT RADIOACTIVITY OF ADDED 14c IN EXTRACTION FRACTIONS 
OF 2-WEEKS-INCUBATED ANAEROBIC BlODEGRADATION TEST FLASKS 

Flasks Viat:>le Sterile 

14 6 Added C level (x 10 dpm) 1.97 7.88 1.97 7.88 

Hexane-iaopropanol fraction 77.1% 85.4% 66.2% 62.8% 

Ethylacetate frdction 11.9% !>. 7% 12.4% 16.2% 

A~ueous fraction 0.4% ...Q..d! _i:1! 6.5% 

TOTAL 89.4% 91.6% 84.9% 85.5% 

Table lC 

PERCENT RADIOACTIVITY OF ADDED 14c JN EXTRACTION FRACTIONS 
OF 2-WEEKS-INCl'BATED ANAEROBIC BIODEGRADATION TEST FLASKS 

Flasks Viable Steril!_ 

Added 14c level (x 106 dpm) ...bn -2.:l! 7.88 

Bunzenu fraction 75.3% 71.6% 75.1% 

Ethylacetate fraction 12.1% 11.2% 13.0% 

Aqueoua fraction 0.1% 1.3% 0.3% 

TOTAL 87.5% 84.1% 88.4% 
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DISCUSSION 

Infonnat ion provided to ua by the Hooker Research Center on the 

acute and aubacute toxicity of I>+- to laboratory mammala and on the 

acute toxicity of the compound to aquatic organisms and some of the 

information obtained from this study suggest that l>+ presents a 

relatively low acute hazard to human health and to aquatic organisms. 

We believ~, hovever, that the compou~i should be evaluated for poaaible 

chronic effect• on human health and in aquatic organisms if there is 

any possibilit:y that I>+- will be a contaminant of the aquatic environment. 

Although the aqueous 1olubility of I>+- 1• very low (>l ppb), the 

compound ahows the pot•atial for being highly peraiatent in the aquatic 

environment. Thu•, if the compound enters a natural body of water, it 

will probably remain there for a long time. Moat of the compound 

will probably aorb to the bottom a1 well as auapended sediments; 

- however, as the concentration of the compound in the water column 

declines through dilution and other proce•• •• desorption from the 

sediment will tend to keep the concentration in the water colu:nn 

relatively constant. 

lf the water from the aquatic ayatem is uaed for drinking, humana 

could be expoaed chronically to 1~w level• an~ perhaps adversely 

affected. Our atudy on the metaboliam and excretion of I>+- in rat• 

ahowed that only a amall percentage of I>+- is absorbed from the gastro

intestinal tract after a aingle doae. However, metabolism and 

excretion of the absorbed fraction ~•as very alow. The estimated high 

Log P value (9.3) for I>+- auggeet• that repeated exposure will cause 

the compound to accumulate in the ti11uea. Th• extent could be about 

2000 time• that of DDT (Log P ~ 6). The propenaity of I>+- to biocon

centrate al10 po1e1 a long-term hazard to aquatic organi1ms. 
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lmh~~ke~ INTER-OFF ICE M EMORANDUM 

- File Ref.: 
To: W. J. Cros:;etta 

Copies to: 

Subject: 

Date: April 14 I 1978 
C. 

From: D. J. Scharf 

0111./ Oep't: Corp. R&O 

Location: Grand Island 

Enclosed find a proposal and agreement forms prepared bv f-RI that rulnte 
to an Environmental C?Btract for work entitled, "Metabolism and Env ircnmc>nt ,d 
Screening Studies on C-Labeled Dechlorane Plus". The proposal nnd costs 
hnve the recommendation of both Paul Nees, (Environmental Dept.) and 
Arun Bhattacharya, (R&D Environmental liason for Dechlorane Plus). 

These uocuments ~re sent to you for your review. Take particular note 
that the revised contract calls for a $20,000 cost~ $Su, 750 in the orir,in.il 
proposal. 

Please prepare the appropriate secrecy ai;reement forms and send tlw,11 to me. 
I \dll obtain ..!)le proper R&D approvals and then forward your documunt to 
SRl. 

Thanks for your coopera~ion. 

Daniel J. Scharf 
lcl 
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SRI Proposal LSC 78-26 (R2) 
21 "larch 1978 

Dr. Arun K. Bhattacharya 
Research and Development 
HOOKI:R RESEARCH CENTCR 
Long Road 
Grand Island, New York 1~072 

Dear Dr. Bhattacharya: 

On 16 March, Dr. Paul Nees, your corporate toxicologist, 

visited SRI International to discuss SRI Proposal LSC 78-26(R) 

with Dr. James Smith, Dr. David Bomberger, and me. Tne 

major emphas:s of the discussion was on reducing the charge 

for the proposed work on Dechlorane Plus (D+) to no more 

than $2J ,000. Our original cost estimate (quoted in SRI 

Proposal LSC 78-26) was $56,750; on request, we modified 

soMe of the experimental protocols, deleted oth~rs, ~ud 

submitted o revised cost estimJ.te of $22,000 in SRI Proposal 

LSC 78-26(R). Based on decisions made durini the 16 March 

meeting, our cost estimate is now $20,000. 

The new cost estimate reflects a $2,000 reduction in 

the charge for conducting studies on the movement oi D+ 

in soil and water. These studies Jntail determination oi 

the aqueous solubility of D+ and its sediment-water 

partition coefficient. We will detemine aqueous solub!.lic/ 

as described in the original proposal because this 

inf?rmation is essential to most of the other proposed 

studies. However, we will det•rmine the sediment-water 

p :ti tion coefficient on a ·,est-efforts b.uis; 1.-e will 

endeavor tn obtain data that will provide an estima:~ 0£ 

the masnitude of sorption of D+ to sediment. 

Other proposed work includes the determination er~ 
oxidation and photolysis, a scrdenin; scudv on absorption 

of D+ by rats and fish, nd a micrcbial degradatton 

screening study usina activated sewagt alud;e. Th;e r:1ethod1 
,.. 

333 Rnvcnawoocl Ave. • Menlo Pork, Colllornia 9'1025 
(415) 320·6:!00 • Cal>lo : STANRES, Menlo Park• TWX: 910•373· 12-IG 



.... Dr. Arun K. Bhattacharya 
HOOKER RESEARCH CENTER 

21 !larch 1978 
Page 2 

- we propose to use are described in SRI Proposals LSC 78-26 and 

LSC 78-L6 (R) . 

The ·contractual. ~visions presented in the original and revised 

ifc,po&al, copies of which are attached, applv to this second re\·ision . 

l~is revision will re~ain in effect until 30 April 1978; however, SRI 

f ternationol would be ple sed to consider an extension if requested. 

Approved: 

W. A. Skinn~r, Executive Director 
Life Scicn · 1 Division 

Respectfully submitted, 

AttAcl~encs: SRI Proposals LSC 78-26 ~nd LSC 78-26(R) 
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~!!!ABOLISH AND ENVI~ONHENTAL SCR.EE)II)IG STUDIES 
0~ 1~C-LABELED DECHLORA.~E PLUS (D~) 

A Proposal for Research: LSC 76-26 

10 February 1978 

By: Ors. David C. Bomberger, Tso~g-Wen Chou 
David H. W. Liu, William R. Mabey,. 
Chozo Micoma, and James H. Smich 

Projecc Leader: 

David ii. w. Liu, Pl"..D., ~.anager 
Aquacic Toxicology Prograc 

Prep red for: 

HOOKER RESEARCH CE)IT~R 
Long Road 
Grand lsl~nd, New York 14072 

Approved: 

W. A. Skinner, Execucive Direccor 
Life Scienc~;/;ision 

. I I 

, ... " , ~ ~ 
u J.':,:IO't'~rtsen, ' Vice ?rPs1Jenc 

Phy1ic~?a Lif'jSciencts ~roup 

333 Ravenswnod Ave. • Menlo Park, California 941025 
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INTRODUCTION 

' SRI International is pleased to submit this ?roposal in response 

to the request from Hooker Research Center (dated 9 January 1978) to 
~ 

c°tduct selected studies on Dechlorane Plus (D+). We will address five 

subject areas pertaining to the environmental fate and effects of D+: 
-

movement in soil and water, degradation in the environment , mammalian 

metabolism and residues, enviror.mental bioaccumulation and m2gnification, 

and plant uptake. 

14 Most of the experiments will involve the use of C-labeled D+, 

which we understand HRC will provide in addition to Jnlabeled D+. In 

reviewing the information on D+ provided in the RFP, we noted chat the 

product has several impurities. The presence of these impurities, 

particularly if the:, become radiolabeled during the synthesis of D+, 

~ill create problems in our inter-;,reting the data from the experiments. 

- We request that HRC provide us with labeled and unlabeled D+ of hign 

purity and with infomaticn on the amount and kinds of impurit~es 

present in the final product and whether or noc they are labeled. We 

would be pleased to purify the product and will submit a cost estill:ate 

upon request. 

Because of the expected low aqueous solubility of D+, the radio

labeled product must be of reason bly hiah specific activity to allow 

us to perfor.n the experiments properly. If we aaaume that O+ is aoluble 

in water to the extent of 5 ppb, then a specific ectivity of 20 mCi/mmole 

of o+ will give a solution containina 240 d?m and 4 ng nf o+ per 

milliliter. This is cha mini.mum level of activity required to conduct 

maaningful 1cudies. If D+ is less soluble than 5 ppb, the 1pecitic 

accivit, would have to be adju1ted accordingly. If our requirements 

cannot be met, use of a gaa chromatographic technique would be r1quir1d 

for quantitation of D+ in all a1pect1 ot the project, In that case, 

our coat estimate would have to be revised. 
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TECHNICAL DISCUSSION 

~ ement in Soil and Water 

~ Determination of AQueous Solubilicv 

' The solubility of a compound in water 1etermines its ciaximum 

exposure concentration for aquat!c toxicity te,cs and for chemical and 

biological tTansfor::iation race studies. (We presume chat uptake or 

transformation of solid Nterials is slow compared with the corresponding 

rates of dissolved mnterinl.) If the Jolub1l1ty of a solid material 

is low, ere race of its uptake or transofaration may depend partly on 

the rate of its dissolution. The rates of chemical and bioloaical 

transformations as well as equilibrium processes such as 1orpcion anc 

vol tilization cannot be measured ccrreccly i! solid material is 

p~~••nt. Therefore, one of the first tasks in thia project will be to 

mMl•Jte the solubility of o+. 

ioia have measured the solubility of miru in water and obtained a 

value of (70 t 10) x l0-12s ml-l (ppt) at about 22• C. Th• solutions 

were p~•~&red by the method of Haque and Schmeddina (1975 Bull. Env. 

Concam. Toxicol. J:!.:13). This entailed dissolving the 1oluta in an 

organic solvent and coating it on the side walls of a lara• car~oy by 

allowina the solvent to evaporate while the carboy was rotated. The 

carb~y waa filled with water, and the solution wa, allowed to scabil!:t 

for aavaral days. The equilibrated aqueous aolution was centrituaed at 

10,000 t"l)m for l hour and i:mlladiattly extracted. The centrifuaacion 

atep was r1quir1d to obtain reproducible r11ult1; pr11umably, at th••• 

e..~tremely low concentrations, particulat1 solute was 1u1pend1d in the 

wat1r. The aqueous solution was not stable because solute aorpcion to 

the wall• was vary rapid, The extract was conc1ntratad and analy:ed by 

tltctron-capturt 1•• chromatoaraphy, 
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May et al. (19i8 Analyt. Chem lQ:175) suggest an alternative pro

cedure for preparing solutions of low-solubility compounds. the solute 

is coated on glass beads that are placed in a stainless-steel column. 

Water is pumped through the colUl'l11l and saturated with the solute. The 

~ethod was successful for anthracene and phenanthrene. However, the , 
.olubility• of these compounds is many orders oi magnitude hi~her than 

what we expect for D+. We experienced difficulties with sorption of 

mi~ex t metal and glass, and ~he problems with D+ will probably be 

greater . Th•refore, this method may not be satisfactory"for producing 

saturated rolution.s of D+. 

We will attempt to us~ the method of M.ly et al., both for deter

mining solubility and for preparing aqueous solutions of D+ for use io 

the sedi:nent/water partit~~n studies and the soil parcolation studies . 

We hope the techniq1Je will prove aatis!actory b•cause it is less 

expensive to perfor.:i than the technique we us•d for mirex. If it does 

not prove satisfactory, the latter technique will be used, however. 

Sediment /Water P r:itioning 

Adsorption phenomena are characterized as both equilibrium ph2nomena 

and kinetic ph•nomann. Equilibrium is frequently modeled using a 

Fceunlich isothar.o 

C •KC l/n 
s 1 

(1) 

whar• C
1 

is the concentration of solute on th• soil (~a/a) and C4 is 

th• 10lut• concantr tion in the liquid phase (~a/cm
3
). Fraquently cha 

exponent turns out to be nearly l, and when the liquid pha1e is water 

its d1n1ity 11 la cm-3, 10 that Eq. (l) bacome1 

(2) 

and K 11 a dimen1ionle11 partition co•fficitnt. For 1cron;ly ad1orbed 

maL1rial1 1uch a, mirex, K can be on th• order of 500,000, and ior 
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weakly adsorbed materials it is less than l. Some solutes show different 

partition coefficients when K is being measured by adsorbing solute from 

the liquid onto the soil compared with when it is being measured by 

desorbing material from the soil into the liquid. 

r Adsorption (o r desorption) equilibrium is not obtained instanta

nously. Times to equilibrium r:iay vary from minutes to hours, depending 

prim~rily on the size (diffusion coefficient) of the solute and the 

microscopic structure of the individual soil particles. tquilibriwn 

requires that the solute ciiffuse to all the adsotption sites that may 

be inside a particle and connected to the outside by microscopic pores, 
0 0 

the diameters of which can vary from 1000 A to l A. 

We have observed that the magnitude of K for natural sediments 

increases as the solubility decreases, and for nonpolar solutes it 

increases with the organic content oi the sedi%ent. Because we expect 

the aqueous solubility of D+ to be less than that of ~ire.~ (70 ppt), 

the partition coefficient of D+ ehould be greater than that of mire.~ 
• 

(460,000) using the same kind of sediment. We will determine wheth~r 

this prediction is true. 

Because the R.fP emphasizes that ouc efforts re ~~~~cted to screening 

rather than to per:or.uing a comprehensive i nvestig~ti~n, we ~ill detemine 

the sorption par:ition coefficient using only one kind or sedj~ent. We 

recommend that HRC consider a more col'IJl) rehensive study r.o ~e p~rfot'tlled 

later with at least :wo sediments containing differenL a.t:1ounts of 

oraanic carbon. 

To detemine th~ sediment sorption partition coefficient for~. 

we will use sediment from Coyote Creek, a stream close to Menlo Park. 

We have used sediment from this creek in many studies oi this t:,pe, 

includina the sediment aorption studies with mira.~, and ha~• charac

terized it. 

Wt will prepare aqueou, aolutiona of D+ ~nd equilibrate it with 

the sediment. A preliminary isother:u &:<perilllent will be run to 

detemine the order ol magnitude of K, the partition coei!icient. Thia 
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procedure will be followed by a definitive test using several flasks, 

as follows~ 

~umber of Flasks 
No Low High 

o+ Concentration Sedi:nent Sediment Sediment .. 
~lone 1 ... :? -

t Low :? 2 :? 
; 

2 2 2 ' High 

The suspensions in the flasks will be allo~ed to equilibrate for 

12 hours. Then they will be centrifuged at 10,000 rpm for l hours, 

decanted, and extracted. We will measure the sediment and supernatant 

concentrations independ~ntly for each flask. The acount of sediment 

w~ll be calculated on a dry-~eight basis. The sorption partition 

coefficient will be calculated using a linear least squares regress i on 

method that fits Eq. (2 ) . 

Soil Percolati on Studv 

Movement of a solute through a soil column is a function of the 

solute-soil interaction and the dispersion that results both from 

diffusion and mixing during flow through the tortuous pores in the 

soil. When chemical reactions do not occur, the cajor solute-soi! 

interaction is adsorption, which can take place either on the soil 

surface and by interaction with soil organic material or through ion

exchange reactions with ~ites on the organic or inorgan ~· functions 

of the soil. 

The most common t:iJDe when the movement ot a material through soil -needs to be measured ia when the material has been pl3ced on the soil 

surface, eithnr through spillage or intentional application as an 

agricultural chemical. Ideally, the rate at which the material would 

be carried into and through the soil i t calculated using adaorpt1on 

partition coefficients, adaor?tion kinetic con1tant1 1 and 1011 properties 

such•• ?Orosi t y and di1per1ion eoetficient. A1r1ement becveen pr1-

diction1 and m111ur1m1nt1 1r1 beat for m.at1r111, with lara• partition 
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coefficients, because then the effe:ts of dispersion and adsorption 

kinetics--which are hard to model correccly--are minimized. 

e In screening the potential for a material to migr~te through the 

soil, the minimum experimental determinatior.s involve mea!surement of K. 

If K is large, predicting the movem~nt ~f che Claterial should be ?Ossible 

using the ruath~a:ics developed co d.-:;cribe chromatography and ion

exchange phenorne~a. The mini~um confirmation of macarial movement is 

a simple percolation test in a soil colw:in. If the measured and pre

dicted rates of transport disagree, then a series of expe.riments involving 

additional isocher:ns and studies of adsorp:i~~ ~inetics as well as a 

series oi soil percolation tests are required to gain an understanding 

or :he transport process and to determine whether the ?ercolacion test 

iave the correct result. A particularly 1~portant aspect of :he 

add:.tional testing is to verify that the soil cobmns were unifor::il:: 

pack~d and did not have chann~ls that allowed bypassi~g and rJpid 

movement of the test materi.:il through the column. IJe will conduct c-.,•o 

kinds or tes ts--the i3otherm screening ~:perimen: and the si:::iple soil 

percolation experiment. 

Isother.n Scre,mJ n~ E:c:>eriment 

Our e:cperimental protocol for the soil .1dsorption isother-.:i 

is basically the same as th~t described for sediment adsorption. A 

stock solution of!>+ ~ill be prepared and placed in several flasks 

along with m~ured a~ounts of soil. A!ter n overniaht contact period, 

the soil ar.d supernatant will be separated and analy:ed for o+. The 

scdil:lent and supernatant concentrations will be fitted to the Freund

lich expnssion. 

A soil sample will be air dried and passed through a 2-cim 

si ve. Only the< 2-cr.m fraction will be used ior isother:n rnensuraments 

because the adsorption ctivity is concentrated in the fine f raction 

of the soil and the laraer particles do not peniit r.icdsu~ina unifor.:1 

sasnplts !or th• isother:n decermination. .\ uparatt aie•,ing .i:(1)1trir.itnt 

will bt conducted to determine the ~•ight ptrcentaa• oi cha ~~o si:11 
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of fractions so that the adsorption partition coeffici~nt ca~ be cor

rected to a whole soil value. 

14 A stock solution containing a known amount of C-labeled 

D+ at a concentration below its solubility limit \,!ill be prepared. 

The 
14c activity of thi w S-OCk solution will be confirmed by scintil

lation counting. 

The isotherm experiments will be conducted by preparing 

flasks that contain suitable amounts of stock solution, distilled water 

for dilution, and a weighed amount of soil. All ex;,erimer.ts will be 

run in duplicate, and flasks concaining no soil and no stock solution 

will be included as controll;. A preliminar:, isothem ~'G)eiiment ·..iill 

be run using a low ratio of soil to D+ to determine the order of 

cagnitude of the partition coefficient; then .!I. serie~ of flas!--s will 

be prepared to yield 50 and 257. ad~orpti~n from each of t~u ~ concen

trations in solution. This will produce four duplicated points to 

deteroine the coefficients of the isother:n expression. 

Analysis will include direct deter111ination of the t::aterial 

in the supernatant solution (C . ) and direct determination of cha .. 
adsorbed oaterial (C) to eliminate bias d~e both to volatilizat~on of 

s 
material during the equilibration period and its adsorption onto 3lass-

~are. Cl will be determined bv centrifuging to remove the soil, 

decanting the supernatant, and ch n washing out the soil ~ill. An 

organic solvent extract of the supernatant and the ~entrifuge cube :e 

used to deter::iine c2, and an organic solvent extract of the soil and 

the ~acer used to wash it from the centrifuge cube are used co detenine 

C • 
s A.i..l analyses will be by scintillation counting, and mass balance 

will be c~lculated co indicate whether losses occurred during the 

experimental procedure~. 

After the isotherm is compl•ted, a mathem~tic~l prediction 

of soil t ~ansporc will be c~lculated usin; 
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D ~A S dC 
2 52 - 0 dZ 

W • 1 + ° K C (l/~ - l) 
B" ,\ 2. 

C 
s 

• K C 1/N 
A .1. 

which has an exact analytical solution. 

In this equation: 

0 

z 
D 

3 3 • Water in soil (c:n /c111) 

• Depth in soil profile (CH) 
? 

• Soil dispersion coefficient (c~-;s~c) 

K • Adsor?tion partition coef:icient. 
A 

Soil Colwn ?ercol.nion E:oeriment 

(3) 

( l.) 

,I 

( 5) 

Based on the colecular weight and similarity of o+ to oirex, 

we exp~ct the ads ~rption ~artition coefficient to be large and the 

transport rates 111 soil to be lo,.,, Under these conditions , the soil 

percolation test has to be designed to detect :nigration when no oaterial 

mig:-a tes through the entire soil colullli., meaning th terial 

would be detected in the colutnn effluent. The s c s set up 

so that, after an appropriate amount of solution d 

through it' plugs containing soil and the inters t- · an be 

removed tro1:1 various depths in the column for analys .. r compounds 

that ~1.grate rapidly through the soil, this procedure provides a 

concentration profile both in the solid and liquid phase that can be 

interpreted in ter:ns of the actual adsorption kinetics, irreversibil.:.c:,, 

and soil dispersion. For strongly adsorbed materials tht procedure 

provides only coarse indication of how far th• material oigrated. 

A glass column approximately 4.5 cm in diameter and 30 c~ 

long will be prepared. It wtll be 1ealed with a rubber stopper at t~e 
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top and sealed at the bottom with a removable glass frit. Ac 2-cm 

intervals, access ports will be provided to permit remova l of a plug 

of soil at the end of the percolation test. These ports will be 

sealed with teflon stoppers during the test. 

Air-dried and sieved (< 2 ram) soil will be packed into the 

column using a vibratory apparatus co ensure uniform density. Free 

space will be left at the cop for a liquid layer during percolation. 

·Toe colui::m will be saturated with a weak (-0.Q\ N) calcium 

sulfate solution by forcing water through the coll.ll:ln under pressure 

until the measured inflow race at the top equals the effluent race 

at the bottom. A measured amount of 14c-labeled D+ will be introduced 

in a single spike, displaced into the colu:nn, and allowed to cquili½race 

overnight . Then ~~~ping will be resumed at a race equivalent to 

percolation of a year's rainfall* through the soil colur:m in 2 days. 

Column effluent will be collected in fractions in case the material 

does break through, counter to expectations. these fractions will be 

analyzed onl7 if necessary. Ac the end of the percolation period, 

- the flow will be stoppea and plugs of soil and interstitial solution 

will be removed fro~ the colur.m for analysis. The same procedures 

as those used for the isochem will be followed. If the D+ does not 

appear 1.n any of the samples removed from the column , the effluent 

fractions will be analyzed. If D+ is not in any of the effluent 

fractions, ,,..e will t'emove the soil from the column in layers, starting 

at the top (becausd the D+ ~ill be between the ?Oints where ~lugs 

~uce re.:noved), and analyze it. 

I! tht P+, ooves a substantial distance through the soil 

column, we will conduct a series of e::tperiments involving Clore isother:ns, 

kinetic studies, and soil percolation tests to determine more precisely 

how O+ interacts with the soil. These tests. if conducted, ~ill 

require additional funding. 

"' To be determined a£t:er discussion wit:h HRC. 
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Des~adation in the Envi r onment 

Chemic3l Tra~sfor::iation Studies 

i:xamination oi the structure of I>+ suggests that photolysis a11d 

free radical oxidation m.1y occur in aquatic environments; hence, our 

chemical transfor-::iation experiments will be limited to the study of 

these ~;10 processes. Several isomers oi I>+ may be present in the 

commercial-grade produce , but their reactivity toward oxidation or 

photolysis should be sufficiently similar that no diffic~lties ~111 

arise in screening tests; isomers could be a probltm in detailed 

studies , especially if produce analysis is re1uired. 

Hydrolysis of 0--- in aquatic environments is unlikelv because the 

bridgehead and vin~lic chlorides in the ~olecule can only be hyarol~:ed 

under extreme conditions; hydrolysis studies therefore will not be 

conduct..id. 

Two matters relating co our proposed e.'<peru:ienta!. work require 

comment. We consider the use of 
14

c-l.:ibeled I>+ unnecessar·, in tne 

chemical transfon:ation screening tests. We anticipate that gas 

chromatography using flame ionization or electron-ca?ture d . tector 

·;1ill give a simpler and less ambiguous anal;,sis of I>+ i:1 the reaction 

and ~ork-up conditions. 

Since the l ~lubility of D+ in pure wacer is certainlv in the 

low part-per-billion concentration range, we may use 1~ acetonitrile 

as a cosolvent to increase the solubilit:, of o+ in the scr!e:'lina 

studies. This s.->lvent was used successfully in transformation studies 

of tuire.'t and is inut under the conditions of our photol:,sis and 

oxidation experiments. Concentrations oi o+ in all e:cperimental work 

will be l ppm or less. 

Phocolvsis 

We recommend that t•.10 photolysis 1crtenin1 tests be perror.:ied ·a:h 

I>+. One test should b• carritd out in pure wat~r &nd the oth•r in 

wattr chat 11%:lul&tes a natural water. We proi,011 this approach becauu 
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natural materials in aquatic systems can promote ?hotochemical reactions 

through photosensiti:ed or photoinitiated free radical reactions. The 

pho~olysis in pure Wdter will be carried out at wavelength, greater 

than 280 nm to detennine whether direct photolysis occurs. The direct 

'1>hotolysis experi:nent will also serve as a C.'.)ntrol for the phc tnlysi<; 
in the simulated natural water. 

To screen the susceptibility of D+ to direct and indirec t ph~ _,_ 

lysis, experiments will be carried out in a merry-go-round photochemical 

reactor; the light source will be a 450-watt Hg lamp with a borosilicate 

glass immersion well thac allo-Js passage only of wavelengths greater 

than 280 nm. D+ at cor.~entracions of l ppm or less will be phocolyzed 

in a sol~tion of wa ~e. and in a solution of water containin~ 8 ppm 

hw:uc acid. The solutions ·..:ill be analyzed as required to follow the 

disappearance oi the starting concentraticn ot >+. The photolyses ·-·il.4 

be carried out for a ca.~i.I:lum of about l week, wnich is approxi:nately 

equivalent to 4 co 6 conchs 1n sunlight . At leas~ four but not more 

than eight data ?Oiots will be taken for each reaction solution. 

- Aliquots of these ~-o solutions will be kept in the dark durina the 

photolyses as controls to demonstrate that no processes other than 

photolysis are responsible for any reactions found. 

These L~?ericents ~ill determine whether direct or indirect 

?hotolyses of D+ occurs. aased on analogy with other photochemical 

studies at SRI using chemicals t,at had tailing absorbances i~ the 

region above 2SO run, we *ill be able to estimate whether the direct 

?hotolysis hali-li:e of D+ i~ sunlight is 6 months or greater. Through 

th~se e..~periments, we ~1Jl also deter:uine whech~r indirect ?hocolysis 

of ~ is important cc- .pued •-ith direct photolysis. rI either direct 

or indirect photolyses are il::lport~nt, w~ will then recocmcen · appro

priate dec, iled studies rha~ ~ill ~ort prtci~ely describe the photo-
lysis of D+ in the aquaric envi~ n~. 

~idation 

I).;. ca.:,, be oxidized by h:,dro,en transfer from the cyclooctane ri:ig 

or by oxy radical addition to the chlorin1-1ubatitut1d double ~ond. 
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Although the r.ydroKen transfer by peroxy rad.cal is slow (half-life 

of several years), other aspec ts of oxidation of D+ a1e unknown and 

require an oxidation screen..i.ng test. The proposed ,•:ddation test is 

one develop1:~ at SRI during our oxida:ion reseatch; w~ believe it is 

.,the best test cur~ently availaule for quantitative measurement of the 

susceptibility of a chemical l~ free radical oxidation in aqu&tic 
.env1rcnt:1ents. 

We will conduct a free radical oxidation screening test on D+. 

This test is carried out in water under conditions that allow a Guanti

tative estillWte of the susceptibility of D+ co free :,dical oxidation 
in aquat ' . enviro1-.::ients. 

To screen tht usce;>tibilicy of D+ to free rad!cal o:udation, ·•• 

11ill o:<!di::e the chemical us1ng a.:obu(mechyl isob1..t:,rate) (~I.AS) as 

the ource of free radic:ils. Solutions r,f D-t- at concencu nons below 

1cs solubility limit will be prepared in ~ure wacer chat contains , 

1.00 x 10-w M ~!AB. The solutions, saturated ~1th air, are placed in a 

so• C wacer bath :or 100 hours. Solutions of D+ at the s.u:ie .Jncentra

tion v1chout ~!A.B - re run simultaneously as control~ unde:- identical 

re~ctions conditions. Th 100-hour reaction time corresponds co about 

c-.,..o half-lives .tor ~!AB. The solutions are tl,1:n analyzed for startin& 
che1ucaJ.. 

The rat• of o:-idacion of D+ is proportional co the cor:cencracion 

oi RO · r~cicals seneracad by cheroal ~ec0'1'0posicion of ~t\B. Kin~cic 

analysu of reaccion i..dkacu th.it the r· te of oxidaci,,n oi l)'T' at 

25• r. will oe n4arly one-ninth a fast~• at so• C and the half-Jlfe 

nine tii:es u lon; as at so• C. Furthennort, the r2te at 15• C can be 

re~at d to a probable rate of oxidation in the aquatic enviroN:1ent. 

Biodegrac!.1 t!on 

:.re '.Jlll study the potentul for biological transfor-.. 1acion usina 

activated sluda obtained from a local wascewacer treat~enc pl•nc that 

recuv s a r:u:<tur of unicipal and 1ndu1tr1 l wuc1. 8ioloaical 

, •iv1c, w~ll bed t ecced by changes in the •~tract1~n 1{fic1ency oi 
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the radioactivity in a ••r!e, of organic solvents "1th a range of 

polarities. Ue h••• •hosen this procedure rather than chro■■tography 
bec•ose "e e:,pecc •hat liccle or no conversion to pro«in "ill occur 

and thac the ucohol a ... ; epox1de produces will hJve lw solubilities. 

Sai::ples of accivaced sludge will be placed 1n a 20-licer ,ench 

•••le activated sludge unit and maintained on an arcifici•l sewage of 

diluted Carnation Instant Breakfast, (Carnation Instant Brea iasc 

is often used in studies of this type because it has• b&.lanca of fat, 

protein, and carbohydrate and ir easy co handle.) The unit will be 

operated for several days before sampl1n1 co develop a un1for111 an~ 

actively gro,,ina culture, so that if repaated e:,per,..,onts are rasuired 

the sludga used will have the same properties . The laOor■ to~; 1rowin1 
period w111 also purge inoraanic solids fro= the sludje. For a 

biological transfoi=cion exparimenc, sludga will be oithdr•wn from 

toe unit, cantrifuaed, washed, cancrifugad, and resuspended as a dilute 

suspension (several hundred pares per million suspended aolids) that 
w1. be oxygenated. 

1 A 

W A •eriaa of fl••ks •ill ba prepared ,n ~uplicaca concain,ng aliquots 

of tho aeratad coll •uspension, ••raced dilution water, and aliqcocs ct 

the 

1

'c-l,baled D+ stock solution, On of each pair of flasks •ill b• 

~••led w1ch rure o~:gen 1n the aas space and allowed co incuoace for 

24 hours on a shaker apparatus. This ti~e period is not lona enough 

to provide adaptation of tho culture to arowth on o+ as tho •l• c rbon 

source, buc it is lona enouan co show any bioloa~cal c~an io~cion 

that would occur becau,a of en•l'll•• presonc in a re ting call culture. 
The ocher flask of each pair will be analyzed i.mmediacely. 

For analysis, an aliquoc of the fla1k concenc1 will be excracced 

after •onicacion to rupture tho coll walls, Tha sonicatod a1.,tura 

Will be excracced wi:h toluene, ethyl acecace, and bucanol. The 

residual ~ill b• diaesced with an oraanic base co solubil!:e :he 

oraanic aacerial and eliminate 1u1pended cuac rial. All extracts and 

r111dual1 will be analyzed by liquid 1c1nc111ac1on co~nt n. I! 

biological transfon.acion occur, it Will bo indicaced by a cha: in 
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the distribution of the radioactivitv. For exacple, if biological 

activitv converts some of the D+ to an alcohol, moie of the total 

radioactivity will be present in the butanol e~tract of the incubated 

samplPs than in the butanol extract of the unincubated samples. The 

?rocedure will detect biological activity even if extraction ~f:iciencies 

are not 100;~. 

TI1e actual size oi !amples incubated will depe~d on the specific 

activity of the l.'..C-labeled O+, n•, the appropr late slud~e lt.vels will 

have to be jetermined by aome screening experiment. If biological 

activity is detec:ed, at l~ast a pair of fl~sks will re ?repared and 

tested aaain :o coniirn :he experimental resul:s. 

If significant biolosical trans fon:uition occur:;, ..... :.rill u::enci 

the approach to obt3in an esticace o: the biodeg=adation rat e constan:. 

To do t!lis, we will withdraw aliquots from the incubation flas~s at 

prt"dete:.:1.1.ned intervals am.I radioanaly:e thee. The r.idioanal;:ucal 

data will be analy:ed s if a second-order dec~y process wtre occurri~q. 

~,us, 1£ ~ is the concentration of untrans:orced O+ and Xii t~e 

sludi~ concentration, 

i§. • k. XS 
dt o 

wh•re ~ is the ttansfor-oation rate constant. A si~ple second-ord r 

j)rocus is au\!rued because the D+ levels present 1.nll not he ,1cio1q_ u:.:. 

to provide si;~ificant bacterial 1rowth. 

(lj) 

The ,proposed studv does not include an erobic cr~nsfor'llation 

e:q,eri:nents since we oelievo chat because of its physical properti s 

o+ will probably always recain in the aerobic :one of the envt::-onmen t. 

If, however, t>+ is relused into a wastewater atruru r.!l t o1nte::s 

s waae trucer,t plant equ1pp d ·..tirh n naerobic di6ut::ir, 0-- .:1>u l c:! 

be exposed to anaerobic conditions. \Je •Jould be ploud co Jecer-:ii:'lt 

che action of s wac• 1 ludge on D+ under anurob ic c:onJi ctons !or in 

aduiciona1 char;•. Th• method i, th• aaQe •• d11crib1d Jbov, •~c•?t 

that t>+ is incub tad in an o:<yg n-!r•• 1nvironm1nc. 



I 
1. 
I 

:!.1r.:nali.:1n ;!1?t.:1bc-l~s1:1 .,nd Residue Studi.?s 

The obJective of this study is to define abscrption , tissue accumu

lation, excretion , anci possible metabolism of orallv administered D+ 

in the r.1c:. • .. Je ..,ill use young adult m.llo? Sprague-D.iwlev r .its purchased 

from Simonsen Labo ratories, Inc., Gilroy, California. Before i!Xper1-

cenc:ac:1on, the anicals will b~ acclimati:ed to ~e:abolic cages for a 
h.1<1 c!ays. 

Tho? anicul study will b conducted sequenti.:illy , starting wic:n 

the absorption studv . A preliminary exper iment will be conducted 
H 

using several oral doses of C-labeled D+ co ascertain absorption of 

c:he compound by conicoring the blood radioaccivic:y le•,el. I: conii~:i

c:or; data are obc:ained chat the compound is absorb~d c:hrousn :he iUt, 

a o,e:ailed phar::iacoki:,ecic study as propos,ed below ·<1111 be :onducted. 

If evidence for absorption is not obtained, the proposed protocol~ on 

aistribu::ion and elicinat1on and chronic study will not be used. The 

ce:aboJ.ism study cay be car:;-i•d ouc after consultation 'Jith :he client , 

it the metabolic e!f~cc1 of inte~tinal flora on the compound are of 
interest. 

Abson, c: io:, 

?rel1~1~ary ltudies will be conducted co ascertain the race and 

e:-.::er.c oi a:,sor;,cion of D+ in tht rat. Raes ·•ill bt adrainistarcci a 
1 .. 

su1ptnsion of - C •label.td D+ (5 co 10 1:Ci) b1• savage, and b !ood 

sucples will be taken f:o~ th• orbital sinus l , i, J, ~. 6, 8, and ; i 

hours after ad:ninuc:ration. n,11 blood s r.iplu will be counr.ed 1.n a 

liquid seine !l tion counter. The quench-correcc:ed counts pr minuc:e 

or ,he microgram equivalent of the adr:unistered D+ will bt P.locced ~n 

a 1-,m1lo~ ara~h paper u a !unction of tllne. From c:he plocred dat., , 

~h• t!me of m~:<ioum conr.entr~tion, th ma.·di:iuci conccntr Cl~" at~ i:1ed 

i:1 the b~ood, and ::he haH-l.~ ' of l~C-labeled D+ 1.n c::,e bl~oa c n b.t 

es::im c:td. These die:~ will be u1ed to choo1e the ti~ to ••cri:ic ch• 
rats tor :onduc:in t111ue di1cr1bucion 1:udie1. 
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Tissue Distribution and Elimination 

l\.relve rats will be administered 5 to 10 uCi of 14c-labeled D+ 

by g3voge, and th~y will be kept in individual metabolis~ cages for 

separate collection of urine and feces. Groups of four rats will be 

sacrificed when the blood level is at a peak and when the blood levels 

are 50 to 607. and 10 to 207. of the peak level. These times will be 

chosen on the basis of the results obtained from the absorption studv. 

The blood and major organs (kidney, liver, he rt, lung, spleen, muscle, 

testes, br ln, ft, ~kin), the gastrointestinal tract, and the e..~creta 

will be analyzed for radioactivity contents. The data will be e..~ptessed 

as the percentages of the administered dose found in each whole or6an 

or tissue and radioactivity per gram of each tissue. Th~ blood-to-tissue 

ratios and the biological half-li! of D+ in each organ will be 

deter:uned graphically. 

Chronic E>..,:,osu:-e 

T~ assess the eifecL of repeated intake of D+ on the pharmaco

kinetic behavior of the com?ound, rats will be led diet containing 

unlabeltd D+ (O.l to 0.5% in the powdered Purina Chow diet) for 2 weeks. 
14 The rats will then be given single oral dose of C-1 beled O+. 

Control rats maintained on powdered Purina Chow diet for 2 we•ks will 

be exao.ined in a parallel experiment. Seri.11 blood samplu will ~e 

taken, and a blood level vs time curve will be plotted to compare the 

biolo&ical half-li!t of D+ in two groups. I! th• c~ooound stimulates 

its own metabolism (••i· , polychlorinated or polybrominatt d biphenyls , , 

a reduction in the biologic l hall-life results. On the other. hand, 

if the compound becomes stor din third compound as a result of 

chronic expo1ure (e.i,, tetracycline), its biological half-liie will 

1how an increase. 

:•!ttatol tsr: 

We will subject urine and !ecal extracts t~ thin-lay r cnro:ato-

6raphy u1ini variou, aolvent 1y1t1ms to ~btain evidence for the metabolic 
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conversion of O+. The sacples will also be treated with 6-glucuronidase 

and sulfatase before chromatography. Several organic solvents, sinaly 

or as ci.~tures, will be used to &ttecpc to differentially t.:<tract D+ 

from its metabolites, if anv. The thin-layer pl3te after solvent 

developmtnt will be aucor3diographed or sc3nned Jn an aucoscanner :o 

locate radioactive spots. E:ccraccs of tis'l1,es containing the hiihest 

level or r di,a.ctivity will be analy:ed similarly, 

Environnental Bioaccumulacion nd Ma5ni!ic~ 

Thia phase of the proposed invesciaacion encompas1e~ three tasks: 

Task l is to deteroine the ~xtenc co which D+ i1 assimilated into the 

tis1ue of selected fresh~acer orgAni1m1 from ~acer; Tak~ is :o 

d cerci.'\e 1,:hecher th.a concencntion of O• incre ses in biolosical 

t1s1ua1 a1 it pass•• throu •h an aquatic food chain; and Task J is co 

determine wn•ther o+ is metabolized by aquatic oraanisms. These cask 

will be per!onned in 1equence, nd the results f~c~ eacn task will 

det1n:iin1 th~ need to p~rfor::i the next task in the 1equence. 

Task l - Dir ct Accu~ul tion of D+ bv Aouatic Or3anisns 

All Tuk l e . .;,eriments •..till be conducted under static conditions 

usin1 1a:urat1d solutions 0£ 
1'c-labeled D+ crntain na about 600 d?c/~l 

o! solution. ~• •~•ct the cone ncration of o+ i n 

solution to be in t~e pare-per-billion ran1e. 

~y HRC indicate th~t the compound will no t bt 
propoud level. 

saturated aqueous 

. 1city d~ta pr~vidtd 

t1ly to~ic at th• 

ror e~ch oraani m 1tu0itd, the ti11u ill be rad101nalyzed t 

interval, durina the e~po1u~e periud co er::iine the race of b1o•ccw:iu-
lation, and bio ccumulation will~• ex 

centr~:1on factor (BCf), which 11 th 
11ed in tern of the biocon

tio oC th cone ntr cion oC ch 
compound in th tisau and tne ccnc ntracion oc ~h co~pound in th 
water ~hen ex~o1ure 11 initiated. 
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Algal Tes ts_ 

We will use the single-celled green alga SelenastrW'l caori

cornutum, which we routinely culture in our laboratc,ry. The alga will 

be exposed to D+ for l!. days in the usual culture medium and under the 

usual conditions of light and temperature. On days 2, 4, 8, and 14, 

the cultures will be sacpled. The algal cells will be separated from 

the medium by vacuum tiltration, washed, removed from the filter, 

weighed, and radioanalyzed. The test will be conducted in triplicate. 

Invertebrate T.asts 

We recoa;mend usinQ the benthic wot'lll Lw:ibriculus variegatus 

in place of the crustacean Daohnia ma3n in these tests because (1) ·,e 

•x~ect that in th~ aquatic environment, D+ will adsorb and concentrate 

1n the sediments and thus accumulate more in benthic organisms than 

in the pela&ic for:ns; and (2) if we proceed to Task 2, the wor:i ~ill 

be core convenient ~o use because it is much larger than .Q.. mag~a ao 

the bio~u needed to faed the fish would be easier to obtain. \;e 

would be pleased ~o use etcher organism, however. Th~ cost oi con

ducting r sk l tests is th~ s me for both organis~s. 

We 1.1ill .a~:j)ose ::ne worm or .Q.. :n:igna to O+ !or 4 :iays. lin 

days l, 2, and 4, a sample ot the population will be collected and 

th• anir.ials will be blot dried, wflighed, and radioanalyzed. r.ie tes c 

1.1ill be conducted !.n dupll.c:i te, and thie animals 1,1111 be a:q,ostd !.r. 

l liter oi D+ solution. 

Fi h Tests 

n,e fish~• plan to use i~ the bluegill sunfish (Le~omis 

1:1 ch rochi rus ) . The tut alllo will b • conduc tctd in dup lio.::i cc. !• . .:el ve 

f.1h vill be e~:poud p r du:,lic1t1 to H liters ot D- solution :or 

!. days. On days 1, :? , and !. , four fish •;1ill be removed. t,"nole-bod·: 

radioanaly1i1 will be perior~•d on t~o fish. With the other ~10, we 

will per!on:1 r1dioanalyse1 en •~c! sed muacle and vi,ceral t111u1. 
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Task 2 - Food Chain Biornagnifir~tion Studv 

We believe the Daphnia-bluegill biomagnification test described 

for pesticide registration (Federal aegister 40, 26Q08, l97i) is ~ore 

comprehensive than neces$ary for this study; however, we would be 

pleased to apply the test on request and at extra cost. The test is 

well described in the Register, so we will not describe lt here except 

to note that it is a 32-day study on four groups of 10 fish (a total 
of 40 fish). 

We propose to use a modified test in ~hich fewer fish are used, 

and this will reduce the cost of preparing natural D+-~onta.minated 

· · d and the cost of radioanalysi~. 

We will feed l~ bluegills a daily ration of 0+-contaminated 

Lu~or!culus varie~atus amounting :o 10~ of their avercge body ~•int 

for 28 days. The fish will be main:ained in flowing water. Th~ .or::is 
14 

will b exposed co C-labeled D+ und•r static conditions uncil their 

tissue residue ts at least 80 .• of ~axioum, as astimated from the tests 

performed in !ask l. B•fore beina f d to the fish, a sample oi r.he 

txposerl wori:is will be rad1oanaJyzcd to determine tissue residues. Thd 

daily ration will be provid d ~ll at once or several times~ da:, 

depending on the ft ciins rnce. We will observe th• f•edina procais 

to ensure that tht entire ration is consuoed. 

On days 7, 14, 21, and 23, wt will transfer thres fish to clean 

:lo~in ~•ter and will prepare the.~ tor radi~analysis 43 hours lat r. 

r~o !ish will b• le!: over at the end of tht 28-day e.-q>oaure ~c r~~d; 

the,1 fish will b• quick frozen and re erved for Task 3. '1ter each 

sampling period, we will weigh the rem.1ining fish in water and adjust 

the daily ration. A portion of the ~on:is used in the study wil! be 

q~ick frozen and r,served for T~sk ) . 

Task 3 - ~etabol!sn of D+ ~,· \guatic Or3an1arns 

In Taak J, we ~111 naly;e the fish and ·,onns resarved fro~ Task. 

tor D+ Metabolites usin cht analvtical procedures deacribtd for :h 
~,cmalian metabolism at 



Plant Uptake 

Uotake from ~ater 

We will determine the uptake of o+ from water by plants bv growing 

SGybean and tomato planes in a hydroponic syscem usinK a procedure 

based on one described in Growing Plants without Soil for E~oer!~enc~l 

J:!!.!. (USDA Research Service, Misc . Publ. 12S1, 1971). The seeds •,.rill 

be gen:u.nated on moist paper towels at 25• C in a dark room. After the 

seeds germinate, the roots of three planes will be iosened through a 

perforated jar lid, which when ,crewed co a jar allows the roots :o 
l~ hans in a nutrient solution concainiog C-labeled D+. 

We plan to use Hoagland and Arnon's cutrienc solution cont31nin; 
l!. 

ab1>ut 1 uCi of C-labeled D+ per li cer. The solution will be sencly 

aerated, and the ?lanes will ~e grown for J weeks !nan env1ronoental 

charwber under controlled t~perature, light, and hucidity. Ac the ~nd 

of J weeks, each plant w11: be weiih~d and radioanaly:ed. 

IJ:>take f':-oc Soil 

If the 1011 pe:-col.tti::>n test shows t!li't D+ adsorbs siani:ic ntly 

to 1011 particles, we •Jill detet"llline the uptake of D+ from s01.l by 

soybean and tor.1 co plane,. lne suds of these plants ,,111 be gern.!.:-:a:~d 

as described above. Auer aennination, the seedlings w.1.11 b trans

planted to clay pots conr:aining eich•r sandy loam ar a comr.iercial ao!l 

m:.:< and aro1JO in the environcental ch'1cber. Thre• tir.lu a ••••~ , · .. e 

w!ll water the p1'nt1 •,ith a solution oi 1'c-laoeled D+, cont3i:uns 

l ~CUli ter. At tne end o! J 'JHk.s, the plants will be harvuted, 
washed, blot dried, weighed, and radioanalyzed. 

Radio na1'ti:ic.il .lethuds 

The procedure, de cribed here will be &?plied to all sa~p •• :rec 
14 all project pha1e1 in which C-labeled D+ 11 uaed. 

Aliquota (0.l co o.i ml) of urine and pl31ma will~• counttd I auch 

in a Searle Analytic :·lark III liquid ac.intillati'.>n counter. A acinc;U

lation cocktail, such u Aquuol (:lew Ena!.and ~luc:lur) or Scint!sol 
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(Isolab, Inc.) that can accommodate aqueous samples will be used. Colored 

- samples will be decolorized with a fe1o1 drops of 30% peroxide water. 

Fecal samples and whole orians will be weighed. Represencaci·,e sanples 

(1 co 2 g) will be taken from each org~n and homogenized in three volumes 

of wacer. Aliquots of the homogenates will be dissolved in tissue 

solubilizers such as Unisol (Isolab, Inc.) or NCS (Amero ham Searle) and 

then counted. Planes, algae, daphnia, and fish will be created si~1larly 

to ani.l:lal tissues for radioactivity assay. 

Specimens in oiodegradation and soil percolation studi~s will be 

subjected to differential solvent extr~ctions using sever~! ~onpolar 

and polar organic solvents. Aliquots or th~se solvents will b~ count~d 

after adding the sc1ntillat!o~ cocktail. 

Counting eff iciencus in each type of sample will be assessed ~:, 

the i~tern~l standard met~od. 

11 
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Rf.PGRTS 

Within 30 days after completion of all ex?eri~encal work, we ~tll 

submit co HRC a report of our findings. That report will contain a 

description of the procedures we used, tabulations and discussions of 

the data collected, and recotm11endacioons for additiuual studies chac 
we believe sho ld be conducted. 
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PROJECT ORGA.'HZ.\TION ~ID PERSONNEL 

Dr. David H. W. Liu, ~anager of the Aquatic Toxicology Program, ~ill 

be the Project eader. He ~111 be the primary SRI contact for HRC on 

the technical aspects of the study, and he will coordinaca all che projecr. 

research activLties ac SRI. Dr. Liu will also super,ise che studies on 

accumulation a·.d magnification of D+ b>• aquatic organisms. 

Dr Theodore :-till, Manager of the Physical Organic Chemistry Group, 

.... 111 supervise the work on Ir- photolysis and oxidation. He will be 

assisted by Dr. 1,11lliaru Mabey, Physical Organic Chemist. 

iedimenc/~ater partitioning and aqueous sotubilitv studies ~111 be 

perforned under the direction of Dr. James H. Smith, Associate ~!.lnaser, 

Analytical, Physical, and Inorganic Che~is:ry Group; and Dr. David C. 

Bomberger, Chemical Engineer, ~ill direct the work on the degradat ion 

of D+ b:,• sewage sludge. 

The mammalian mecabolis~ nd residue studies will be perforoed 

under the direction of Dr. Chozo Hitooa, Director, Biomedical Researcn 

Oep rt~ent. He will also be in charge of all rad1oanal: tical and th:n

layer chromacogr phic activi:ies. 

Or. !song-Wen Chou, n agricultural biologist, will conduct the 

plant uptake s tudies. 

Liograph1es oi all thr.se participants on ere project are &? pendec. 
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STATENE:-IT OF 1-'0RK 

SRI International will provide th p t ■onn l, facilities, and 

~quipment necessary to perform the work requested by Hookar Res r ch 

Center in an appended letter dated 9 January 1976. Hooker Research 
14 

Center will supply C-labaled 1,d nonlabeled Dechlorane Plu.i (D+) in 

the quantity and pun..ty required. The quantity required \:ill be 

discussed with HRC upon award of the contract; th required purit· i 

discussed in the body of this proposal. Consistent with th r qu t, 

all of the proposed experiments are designed to provide prel iminary 

but essential in.for.nation to determine whether D+ hould b of 

environcental concern, and thus deter.:iine whether dd:.:ional tud.e 
are necessar:,. 

~irorunental Face Studies . 

These studies are designed to determine the potential transpor: 

and persistence of D+ in the physical env1.ronment. Experiments will 

be p rfon:1ed to daternine its rate of photolrsis and oxidation in 

aqueous systems and to determine whether the compound 1s altered upon 

exposure to se~ .. ge sludge. In addit:.on, \.le will deter':l:.ne it~ aqueous 

solubili::,, its j'.)ropensity to adsorb to sediJ:ient (sediment/,.,ater 

partitioning), and to soil (soil percolation test). 

En·,irom::ien:al Ef!tcts Studies 

Infonn.ition provided by Hooker Res•arcn Center indicates that!)+ 

shows verj• low acute toxic:it:, in laboratot'y mam:nals and 1.n quatic 

organism; tht.refore, the effects studies will be directed to deter

minin, l.ts propensity co accumulate in the tissues of 1elected organisms. 

E:cperioent1 -ill be j)erforned to dtterm:Lne absorption, ucc=e:ion. 

tissue di1tribution, and metabolism o! !>+ alter oral adnuniscrac1on in 
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laboratory rats . We will also perform e:cperiments to deter-:nine t he 

e:ctent to which selected aquatic organisms accumulate D+ d~rectly 

fror.i 1.:ater and Chrour. h an aquatic food chain and will determine ,..,hether 

D+ is metabolized by selected aquatic species. The uptake of D+ from 

water and soil by tomato and soybean planes also will be studied . 

After completion of the laboratory studies, we will pr epn, r 

HRC a report of our findings. It will include a descri~tion ot . Jr 

eA-perimental methods, a presentation &nd discussion of tbe dat1, and 
recommendations for additional studies. 
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CONTRACTUAL "ROVIS IO~IS 

Proor1ecar-: 

Uurin6 ~ne per:orn~nce of the ?roposed study, certain inror~~c:ion 

concerning cne processes and business of -.he Hooker Res~arch Cent.er 

a•d aff1li ced or~anizations 111.ly become known co SRI proj c: p rsonnel. 

SR: will noc divul e any propriecar:1 in!onaacion in accordance w1ch :he 

terns of 1tJ Confidential Infot":ll.lc1on Agre~ocnc (S~r For::i 10.lJ) anc 

1cs Stindard Res~ re~ Agree~enc (SRI Forn 7001, paragraph 6). Three 
copie5 of eJcn document are enclosed. 

B cause the p rtoniance of somtt ot" :he tesc3 will rl .. pend on c:he 

c :a obt3lned rro~ o:her :esc~, we cannot specify an .c ~er1od o: 

per:cr.::ance. Ho1.·e•:er, !.f t.:e perfor::i all the cesc , :ne esci~a:ed 

- period o. P•rfor~.i:-:c i .!. month The esci:nat~d charges :or ;i•r:or::u:, 
each pn se of :n proJetc re as :ol~ows: 

De;radacion !~ che Environment 

~:o•,e:nenc 1n Soll end :;a cer 

£:wiron::en t.il !Hoaccu::-ula c:.onhtaanif .:.ca ci,,., 
Plan: L'pcait 

To C .l 

S 9,.500 

S 1.:. , .500 

s~o.ooo 
s10,000 

S ~, .' 30 

ssJ,:so 

In d, .cion, a ch ra of S3,500 should be added for-the co~c of prepar.:.n• 

the fin l r p~r: nd for cor::nunica~10ns and ~ltce'l neous •~? ns s. lne 

char e quoced "ouli.! noc be ~c•ed d •nthouc ·.rri::itn auchori:11t:.:.on :r::i1:1 

Hook r R rch Cent~ 

tn vi ,,, of SRI' c., cu s non0rof1t or n1zacian, •ach raseJrcn 
cli nt is ;-,•-u rd :o 1:1.1k .n dvanc p :,c nt co cov r • .. ·ork.:.n. c pit l 

requirec nts f~r :ht pro; ct b Jn un~ r:a~ n. For· proj ct of this 
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scooe anci duranon, thP .idvance r "-:enc is 50~; of the aggregat..! ch..ir;;e 
for the work requested. 

?ro~ect ,bthort:ati£n 

This project can be authorized upon receipt of two signed copies 

of c:1e Standard Research Agreement , two signed copies of the Confidential 
Infomation Agreement, and the advance payment. 

Acc,ocance Period 

This proposal will relll.l.in in effect until 15 April 19i8; however, 

SRI would be pleased to consid•r an extension if requested. 

Enclosures: Stancard Rese.irch Agreement (J) 

Confld.sntial I,1fornation Agreement (3) 
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SRI Proposal LSC 78-26(R) 
3 March 1978 

Dr. Atun K. Bhattacharya 
Research and Development 
HOOKER RESEARCH CENTER 
Long Road 
Grand Island, New York 14072 

Dear Dr. Bhattacharya: 

SRI International is pleased to submit this 

revision of SRI Proposal LSC 78-26 in response to the 

requu$t of Dr. Paul Nees . The scope of the project 

has been reduced by deletion of the soil percolation 

studies and plant uptake experiments, and son~ or the 

protocul~ have been modified. Therefcre, the total 

estim3ted charge has also been reduced. The work we 

propose to perform is as follo~s: 

• As originally proposed, ,. ...... 111 determine the 

aqueous solubility oft>+ because th11 information 

is essenLial for designing some of the other proposed 

experiments. 

• We will determine the sediment-water partition 

coefficient s origi nally proposed. 

• Oxidation a!'ld photol)•sia of D+ will be determined 

as origir.olly propo1ed 1 but the rattl will b d~tennined 

from three m aaurements insltaJ of five to •~aht. 

• The study of man11111lian metabolism and r sidue1 

will bt limittd to the 1tudy of absorption. The 

abaorpcion protocol will be the aom• aa d•acribed ln 

tht original propoaal, but we will u•~ tw~ dos• and 

will nalyie liv1r and lddne:1 tiuu for I>+ :, .~,,u 

polt. iniltration. This arpruach wiJl f1Tcv ◄ 

minimum or information, but it will lndic • ,tr 

a mort coMr,rth n1iv atudy on tht uptakll\, d ' , 1bu11on, 

rat ntion, xcre tion, and m tabol1am ~r O+ b~ m II\: 11 

11 need cJ . 

333 Ravtnl\\O0d Ave • M nlo Parl<, Cahlorn,a 94025 
(415) 321 8200 • Cable TANRE , ~ tnlo i; ... ,k, TWX: 910 373•1248 



Dr. Arun K, Bharracharya 
HOOKER RESEARCH CENTER 3 rtarch 1978 

Page 2 

· The environmental bioaccumulation/biomagnification studies will 

be limited to a screening study with fish. S~veral fish will be 

exposed to D+ for 96 hours. Half the population will be sacrificed, 

and the other half will be transferred to clean flowing water where 

they will be maintaine,:I for 96 hours and then sacrificed. Muscle 

tissue and viscera of both groups will b~ analyzed for t4. This 

approach will provide an estirn.ite of the degree of~~ uptake and 
depuration by fish. 

• The potential for biodegradatior. will be studied under aerobic 

and anaerobic conditions usina activct~d sludge. We have increased 

the incubation to 6 weeks to allow time for the microorganisms to 

acclimate to D+. After 2 and 6 weeks, duplicat~ incubation flasks 

will be removed and the contents will be extr cted wir.h a mixture of 

hexane and isopropanol after dis ruption of the cells. The extract 

will be co~centr~ted. An liquot will be analyzed by liquid scintil

lation t~chniques, and another aliquot will be analyzed for the presence 

of metabolites using tlc and utoradiogr phy. If at 2 weeks deiradation 

is evident , the experiment will. be terminated. Although the incub.i tion 

t im haa been increased, the total effort involvwd is less th n th t 
of the oriair~11y proposed approach. 

The contractual provisions pre1ented in th origin 1 c. ~posal 

... 111 apply to this modification. Tlie reviud chargu ar follows: 

Hammali n Metabolis . and Residue 

Degradation in the Environment 

Hovtm~nt in Soil a"d Water 

invironm ntal IHo.-1ccumulation/MaaniCic tion 

TOTAL 

s ~ . .soo 
5,000 

11,200 

l 1600 

$20,300 

Tn addition, a chargQ or Sl,700 1hould be added for the tinal 

report. nd for communicntion1 and miactllaneou1 expon1u. Tht ch.irg • 

quoted would not be exc 1d d without written aut.horh.ition from llooktr 

Re Hrch Center. The Hlim1ted performanc:1 period h 4 montha, and 

the advanc dopoait r qulr J io the Cull amount. 
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Our revised price is somewhat higher than the maximum Dr. Nees 

informed me has oeen allocated fo~ chis investigation. Although he 

did not requ~st changes in the sediment-water partitioning protocol, 

we believe that the protocol could be moJified to reduce costs. We 

would be pleased to discuss these modifications with Dr. Nees when he 

attends the Society of Toxicology meeting in San Francisco on 11-16 March. 

Approved: 

Gor on . 1 ewe , .. , Director 
Department of Toxicology 

uJ A ~\4 r~,. -
W, A. Skinn r, Exec~~ Director 
Life Sciences Division 

Respectfully submitted, 

David H. W. Liu, Ph.D. , ~anager 
A~uatic Toxicology Program 



AGREEMENT 

1111~ l\(iRI I Ml:Nl , cn11:rcJ 11111 tlm __ 11,1) ur ______ ,IQ_. hv aml hCt't\CCn SRI lntc:1n.i11nnal, a 

C'Jhforr11J nunpr,,111 lOq1or.,11un hcrc111.iftc1 rcfcrrcll 1,, 11s SRI, ano _ l_lO_O_K_t_.R_R_tS_F._A_R_C_H_C_E_,N_l_'E_.R _____ _ 

hc:rc:111.iltcr rcfcrrcll ICI :1, the R,·,c:trch Chcnt, 

WITNESSETII 

Y. 111 RI AS the Rc-,ear~h (. hcnt th:\lh:, to linvcSR I perform the rcsc.irch l1erv1ce; herem:irtcr set forth and 
SR I desires lo perform \uch ~erv1ce~. 

NOW, Tll~kl:.H>ltL. 11 is mutual!) n~rccd 

I. SR I ~lrnll concJu,1 tor the l{ e~e.1n:h Chc111 n rc,e.irth proJcct rd.11in11 to __________ _ 
Metabolism and Environmen tal Screening Studies on 14C-l.abclcd Occhlornnc 

Plus (D+) 

nncJm11re1.1111.ul3rh et fnnh,nSl{I \Propo~nlNo LSr. 78-2'> ___ tinted 10 Fl'bru.iry 197A, 
"lmh prop1h.1I h> 1lw, referenlc 1s 1ncorror:i1ecJ herein SRI 1111,ec. to lh.:vo1e J5 mui;h 11mc and Jllei1t1on 
therein ,I) t!i rcaM,nJhlv requirecJ 

9 2 'llteRe~carchC'hen1"'1llp.1) 10SRl:isun1no11oexccccJ Flftv-oix lllou,;., nrl St'Vt'1t 

___hundr<'d fifty dol I.,r~ ___ ($~'in J. 11 h1•,n~ ~crc-:tl th,ll SIU "'II nn1 ,nl\ir e>. • 
pCll lll'5 111 c , cc-, M s,11d :im11un1. nor "'•II 11te Rc!>c:m:h C-ltcn1 he ohlrlt:ilccJ w re,111buri.c SR I 111 e\CC\\ or )tlld 
unwunt unle) 1 mocJ1fi1:a1wn 10 1h1 Ol!rcemenl ,hnll ha,e t-cen en1errd 1n10 b)' the rnr11c herein 

J ProJcd l'h,,r[tcs renclt d1rell .incJ in1tiret1 c,1~, .. incurred 111 11cr tormJnrc of the wor,. ,ind .,n SIU fee . 

4, ln,o,ccs sh.ill be re1,11crctl 10 the Re e:i,~h Chcnt b) IU :ic folhi"' 
(JI 1 he requc~, for nn 110 •nc•· '"IH>"I -.h.111 be prc .. en1cll 11111111 c , clut1011 ol 1h1\ Ul1rcemen1, nnd )l1,111 be 
lnr an nmount prr,,uu,1;• 1h:term111ccJ n .. the v.ork1nl! c.1rm1l for tlm cu11tr,1c1 
(bl ln \\)1te, for rc,C,Hlh ,cr·•11.:c ~hall be rcnderctl nt,0111 eveq four ,,re, 1 he 1'1r\t ,m·h 1n\l,1,c ,h,1II 
,u,er the 11ctual lh,1ri:c, rrrn1tlecJ \llhC 1hc beginnml! of the- rm1ce1. nnd .. uccccthn~ ,n..,011:e, ,h1ll tO\.er 
char11e) recorded :.1nce 1hr effe1.:1,,e d.11e of the (ln.:ccl11n~ 111\01ce 
(1) Wh"n 1hc ,1l1.un11.l:i1ed 1111.11 of 111\uites rdem::d 10 ,n the :ib,,vc ,r,1rl1c, the 101.11 .,u1hometl fund~ 
under 1h1\ rnntrocl, te,, llh' 111111111 tlcpo\11, ~uh!,eq11cn1 invo,,e-. tor rc-~c:irch "'" ice~ 11h,1ll he or II mernornn• 
cJu111 11 ,,c. I uch , ulh ,n,011.:e hall cretl11 1hc .11noun1 of lhMltC' ,l~Jlll\l the .11.h ,tnlc clcp11,,1 
(ti ) l '110" cnm11lc1mn of th,· l' rflJec1. 11 fin:il 111,·o,cc sh,111 he rendered nnu 1rn) uncwc111li.:1I funtl, ,h.111 he 
,e1u1ncu 111 tire Re,c.11ch ('h1•nt tf .an1I "hen SR l 1ece"c .. l,11e chJrl!'-'~ or:," •111fi1 an t ,11nnu111lr,11111111 c, . 
1ern.1l ,1111r1.r .,11,·r J fin.ii 111\111cc h," hecn whm111c1I 111 the Re,eo1rlh t l11:n1,!'IRI :.h.ill 1c111ler n ,pen.ii 111 
\.llll l.! ,,, the Rt•,t•,11d1 n1, 111 tor 1he .1 1111111111 111, 011,,1•11 
(c) All 111\ Olle, :.uhm111ccJ h> ~It I 1n the l{ c~e.ird1 Chen• 111c- clue ,11111 p.1r11htc u11 111 h'• t1pt 

~ SIU ,,r11.l"' 1h.1t nit ,11111rn1.111011 oh1,11ncd 1hr01wh wor, 1111 the 11rn1e1.1 ,h,,11 l1c n1,11h: :i,.111.,hk 111 the 
Rese.irch ('lien I ,11 ,10) 11mc. ~llhJe1. 1 Ill tlte 1er1m 11n1t C•l1Hhl11in, nf lhl\ n~r~ClllC,ll, .,nu 1h111 ~It I \I. ,11 C1lll1n1uni
,.1te rram pll) .111cJ <A11hou1 rc4ue\1 nil 111lurn1n11011 which ,1 deem, 11er11nen1 10 the 1•rt1Je1.:111, 11 Jlrll;n:,,e, 

1111 1001 11111 



11 SH I represents th:11 each of 11s en11,loyces has entered in10 a ron1rac1 of employment v.h1C'h 11rovitles 
IN :,,)ii;nn:cn1 to SR I of all ,n,en1tons made b)' the employee tlurin, the course of his employment 

~I{ 1 :ij!rccs 1h:i1 if durinl! 1he rcriod of 1his 11trecment .in) of i1,; t ,plo) ccs shall. 10 the knowlcll~c of SR I , 
m.,~~ 11 ,1i,,o, er) or ,n vcn1ton risini out of v.ork or. 1ir0Jects sponsored under 1hi,; n~rcemcnt, SR I wtll 1'romp1ly 
n,.,._c ihc (Jll of )Ulh tlis1nver)· l..nov. n to the Research Chen 1. Uron the rcquc~t of the Research Chcnt, SR I 
.ii;r ci•) ,0 u,.: 11s bes, efforts 10 c:,usc such cn,rlo)·ees 10 m ,kc ;,i,rl11.:a11on for le11ers r111en1. SR I further a~rees to 
~,,irn hJ 1he Rew.Heh Chc111 an) :ind all rip.his SR I m11y havr or mar l\'iert Ill 11uch inven110n or d1,;co-.•er)·. The 
;,r1,1,,.,11nn ror le11cn ra1en1 shall he made al the ex('ense of 1hc Rei.earch Chen I and 1hrou~h Mlorncys named 
t-1 1hc l{c,;c.irch ('hc111 and II I) mulullll) .tl!rcetl ml JO) :inti all e,rcn ... c,;, indutl111i,: 'ilJff time anti lr:nel for or 
,,; cnnnc, 11un w11h 1he prer11r1111un. fihni:. r rusccut,on. assi~11mc111 and rcconhnl! of such upphc.,unn. :ire r,,,r· 
.,t-1,· tn 1hc 1(1•.. ·1h C'hen1 All such ex1 "''~es incurred hy SR I shall be se11ara1el)0 1nvn1ccd 10 nnd rHud b) the 
Re,ca~ch Chc1:•~ou1 referenlc to tt>c sun. rrov1dcd for in raraj!r.ir,h 2 abo, e. 

7 The Rc~l~Ch,·111 a1•rte, thJI 11 v. ,II not u,;c the n:,me 11( SR I c11her e~11rc,;,;c1I or 11nph..:d an .10) of its 
.,1.h crt'""l! or ,nlC', pro111u111111.1I 111:11c11:il In 1hc e\'cn1 Rese:irch n,cnl 1n1r111I,; to 1IL,111hu1c ou1,;11lc of,, .. o" n 
11,i:,11111.,11,in ,tn) rcron l).!>Ul' d .111.1.:r lht'i 1m>JC<.:t. suc:h rc1,nr1 sh:ill he u,rd 111 1\'i c1111rc1,. unlc'i'i nn) IHOJlO)Cd 
)u1111n.11 > or ,1hrulj!cmc111 of 1hc •cporl h:1, been fin,t a1,1iroved by SR I SR I nl!rCC'i 11 w,11 not pul'lh~h or m.,i..c 
i..n0 .. r. 10 u1hcrs the rc,ult, of ,;:i,d rc,c.irch invc,;11.i:it1on or information uht:uncd therefrom v. i1hou1 nr1110, al 
,n 1u111nf from the Rcsc11rl·h C.hent SR, .,i.:rec, th,11 11nlc'i~ sr,ccifililll) nu1hor11ctl 111 w111111i.: b) the Hc,c.irch 
C11cn1 . ,1 ",II no1 conduct for 11n) other person llurin.: the 1crr., of this airccm~nt 1nvcs1111utions w11h1n 1hc scope 
of 1hc rr0Jcc1 

8 SR I shJII commence rcrformancc of this 1uo,cct on or about---------------

,111\1 ,hJII 111.,i..c c, er) rca,;C1n,,t>k cnon 10 comrlctc ~uch wori.. h)' _______________ • 
unlc,, 1hc pcru1ll or J'Crform,:nlc ,s c~1cndcd h)' mu1u,1I ngrcemcn1 ,n w1111r.~ 1 he Re e:11ch ('l1cn1 :,~rce,; 10 
I!''' c;1( I .. , 111cn nn11,c of ,ts inte1111oni, rc~.udma rcncv.al of this ni;rccmcnt 111 lc,1)\ thirty (JO) da)'S prior 10 the 
c,1,ni,11.:ll lllnlt'lc11on dJle 

9 The R1. carc11 f'hcnt rcscl\CS the 1111h110 cancel this na,:rccmen1 hut :ll!rcc~ 111 i;,vc thtrl) 00) ll,1) !I wr,t• 
ten n, 1,,c 10 ~RI ot ,1, clcc1m11 10 S<' 1crmm,11c In such event. SR I v. ,II u11h1c 11s best cffor111nmcd1.i1cl) 10 cur -

' 1.111 dl.lll!C) uni.I lOmm11mcn1~ lO 1h1s rrOJCCI 
• -

II\\\ ll 1\1 SS WIILIH:OI .1hc rrnr11e" hcrctu h11vc exec tell th" 11"reemc1111hc d,l) an,I )l!nr fir,1 11h,1ve 
II! lll.:n 

IJ) _____________ _ ly ________________ _ 

1 llh: ________________ _ Thie_ ,.... _____________ _ 
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AGREEMENT 

Tltl5 AuR[EMLNT. en1erell 1n10 1h1s __ uar of _______ 19_. hy and bctv.ccn SRI ln1crn.111onal. a 

Calirorn1a nonrrofit corporallon. hcrcinJftcr reform.I 10 as SR I. and HOOKER RESEARCH CENTER 

here1nai1cr reforrcd tons lhc Research Client, 

WITNESSETII : 

Wlf ERE AS the Research Client desires 10 have SR I perform the research services hcrein:ifter set forth anu 
SR I desire~ 10 perform such services, • 

NOW, TIIEREFORE. it ts mutually agreed · 

I. SRI !>h,111 conduct for the Re)C::lrch Client n research proJcct rclatinl( to ________ _ 

Metabolism and Environmental ScrePning Studies on 14C-Labcled Dcchloronc 
Plus (I>+) 

nnu more 1w11cularl> set forth 111 SRI\ Proposal No. LSC 78-26 datcll 10 Fchruary 197q 
wh,ch 1iropo ,11 by th1ll reference 1s 1ncorporotcd herein . SR I ai.rces to devote os much time ond a11en11on 
thereto a~ 1s reJsonahl) rcqu1rell 

2. 1 he Re!lcarch Clieni will pay to SIU o sum not 10 exceed Fifty-six thousand seven 

hundr<'d Ci!ty dollars <S 56,750 ) . 11being,1i;rec<11h.11SRl,\lllno11n~ure,. 
,,en cs in cx1.:cs, of ,11u amount, nor wdl the Rcsc:1rch Chcil t be obligated 10 reimbur,c SR I in e,ces, ol s,11d 
amount unlcll~ a mod1fico11on to thl\ :11?reemcn1 sh.ill hove been entered into by the flOrt1c hereto 

J. Project charge renect d11ect and mdirci:t co ts incurred in flCrformance of the v.orl.... unll on SR I fc~ 

4 Invoices shall be rendered 10 the Research Client by SR I as follows 

(a) The requc I for an ad, ancc dcpo 11 sh:111 be flrcscnteu upon c>.ccut1on of 1h1s OQreement, anll shall be 
for an amount prc,1ou!II) dc1erm1nctl all the worl...inQ cup1tal for th1 con1rnc1. 

(b) Invoices for rc~e.irch ,erv1ce,; ,;h:,11 be rendered nbout every rour wcci..~ The fir,;1 ,ud1 in,011.c ,hall 
co,cr the octuol churi;es recorded \1nce the bei.1nninl( of the 11r0Jcc1, and succeedin111:1,01cc!> shJII co,cr 
chori:e recorded 1ncc the effective ll,lle of the r,reccdlll& 1nvo1cc 

Cc) When thr accumulJtcll totJI of 111,011.:e referred •o 1n the above reochec; the 101.11 11uthor11ed fund~ 
under th1 controet, le~ the in1tt,1I de1,o\lt, sub'iequent 1nvo1ccs ror re,cnrch en ice,; c;holl he of a memoran
dum type Eoch och ,n,·rnle ,h,111 lrct111 the umnunt of ch11r{IC'i ago1ns1 the ullvancc de110"1 

hi) U11on con•1,lctton of the 1110.1cc1. n final 11wo1ce ,h,111 he rendered and on>· unc)q,endell fund, hall be 
returr, : d to the Re e;irch ltent II and when ~RI re,e1ve, I.tic chnrQe) of o •~n1f1e,in1 anwunt from nn e~ 
tern.ii ,;ource ofter II final 11wo1cc h," heen ,uhm111cd tu the Re:icarch Chc.nt , SR I h,111 rcn1.h:r u c;pcc1.,1 1n 
voice 10 the Rc~e.1rd1 C'hcn l fur ti e 11moun1 ,n,ol,ed 

le) All 1nvo1ccs subm1t1etl b)' SIU to the Re earch Chen, urc due and JHl)llhle upon rcle1p1 

5 SR I Jprec that all 1nform,111on ob1,1111ed throu1-1h work on the tH0Ject ,hall :,c lll,llh: •" Jtl,,hle 10 the 
Re c,uch Client 01 an) time, uhJCCl to the term, nnd cond1110M of th, n~reement. nnd th:11 SR I will rnmmun1-
co1c r,romr,tly anti without request all 1nformat1on which 1t deems 11cr11ncn1 10 the proJect a II pro;re ,c, 
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6 SR I rer,rcsen1s that each of 11,; emplo)ees ht,, entered into J contract of em1llO) mcnt ,,h11:h provides 
for a!.s1i:nmcn1 10 SR I of all invcn11ons made b)' the cm11loyce dunni the course of his emplo) mcn1 

SRI ai;rec) thut ,r durini; the ,,criod of this ui:rccmcnt an) of 11s cn,ployces sl'iall.10 the l..no"lc1 ~c of SIU, 
• ., i..c a disco, er) or ,n, cnt,011 rt)IOl! out of worl.. on r,rojcc\\ s11onsorcc.l und;:r this ni;recmcnt liR I "ill 1irc11nptl) 
111;11..c the f3<'1 of such d,~rnver) lo.no" n 10 the Research Chen I Ur,on the request of th.;: Rc,c,mh C cnt. SR I 
•!!recs 10 use 11s best cffor ,s 10 cause !ouch cm11lo)·ecs 10 mnl..c nr11hc,111on for letter patent SR I furu .1..1 ,,l!rec~ 10 
J)S1~n 10 the Rcse;irch Chell! any anc.l JII nihts SR I ma)' have or ma) ossert to ~uch 11wen11011 or d1\(0\ cn The 
JJlphca11c,n for le1ters 11,1ten1 shnll be mnc.le at the exi,cnse of the Re c:irch Client nnd throui;h n11ornc), named 
by the Rc:.carch Client and 11 ,s mutu,,11) ogrcec.l 1ha1 on> and all expen,es. includ,nl! staff time ,rnll 1r,I\CI for or 
tn connection w11h 11·,c prcpJr,11,on. r,hni;. 1iro c..:ut,on. 1,<,S11.!11mcnt and rccordtnt! or sul'h opphc,11,on, .ire I'•')• 
able b) th.! c carch C.hen1 All sulh exricnc;c incurred b) SR I shall he sc11ar.11cly 10\.01ccd to Jnd 1,,110 b) the 
Rc!>carch Cl1e111 w11hou1 reference 10 the um JHO\IUCc.l for ,n Para,rni,h 2 ohove 

7 1 he Rc'>ca,ch ( 11,:n1 ,,cri;c,; th,1t 11 will 1101 u c the n.11nc nf SR I c11hcr c~prc,wd or implied 111 ,,n, of ll'i 
,11hcrtl\111i; or ,ale, promo11on,. ,a1crial. In the C\'enl ltc,e.irch Chen I 1111cnd, 10 d1~11hu1c 0111\lde ol 11, o" n 
oq:.11111.i1u1n .in~ rc11ort "'ucd under 1h1!> IHOJCct. sud• report 1,hall he u cu 111 11, cn11rc1,. unlc~, an, propu,cd 
,umm.ir) or nhmli.:cmcnl of the report h,I\ been lin 11prro, cc.I b, RI SH, lll'r,:,-, ,t ,, ill 1~01 puhh,h 11r m,,i..c 
lo.no" n 10 other!> the rc,ult, ol ,.1111 rc,e.ird1 11nc,11~.1110,, 1r 111fnrm,,1111n nh1,11ncll therefrom "11lwut .,pprm .,I 
111 "rnini.: from the rc,c,mh Chc111 SIU .,i;rcc'i th;II unl1::i, ,pc"1fil,1II) ,1uthor111:ll 111 ,H11111i; h1 thi: l{l'W,1H.h 
Cl•i:111. 11 "ill not con•h. 1 lor u11) 01hcr 11cr on c.lurini: 1he term of tlw, .i,rccmcnt rn"c:il1l!•'''°" ' 1t.1n the ,co11e 
or the f'lrtltCCI 

8 SR I !>h,1II commcn"·c pcrform,incc of thrs riroJccl on or abou1 -------·-------

,,nd \h,1II mnl..c c1c•~ rc;,,on.,hlc cllon to comrlctc uch "ori.. h> -------------
unlc" the rcriod of rcrln, m., Kc,, c,1cnllcll h) mutuJI ai.:rccmcn1 ,n "r,11111. The HC\l',,rlh ( hl.'nl .,~rec, 111 
~11c SR I """en rHH1"e of 11s 1n1cn11on, rci.:arc.Jin, rcne".il of th•!> a •.rcemcn1 al lea,, 1h1r1~ ( 101 d .. H rrwr 10 the 
C\l1m.,1cd cnmplc11,rn cJarc. 

I) The R C\C, re h ( hen, '" ,en n the r1~h 1 10 c,,nlcl 1111, J~I ccmcn t hut .,~rec, 10 l!" l 1111 rt, I ,11) \1,1), "11 I• 
ten no11,·c to SIU 111 ,,, ckltwn to ,111c1111111,1tc In :iu h c,.:111, SRI "'II ut1h1c II!> be,t cllorl 11n111cll1.,tch 10 cur
tail ch.iri;cs and comn,,1mcn1s 10 th,, rir<lJCCI. 

IN \\ 11 r,, L S WII LR I 01 , the 11.1r1,c, hcrl' IO h,1vc <. .:c.uted th" ,1i.:rccmcn1 111c ll,1) o.1nll I c.u It ,t ,11111\ c 
v.riiten 

Sit I lntcrn.i11on.il 

II> 
T11lo ______________ _ 
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A G H I~ E ~1 E N T 

sh,.d l 0\'CTII th~· contl1t1011 ol di!! l<l!illlC hr 

of r.:~i·t in ... onf1ctcnt1,d 1ntorr11 1tic,n to h~1111tted to SIU rclutin~• lo 

Wi:
1
1 reg 1rcJ to the ,11d hformntion, SHI h<'rchr n •r t'/l not knc1w111gl) 

to use uch in!o r111t.1l1011, !or \I t•lf or 01.hcr , or le d1sclo"f' uch 

111forrnnti n to otl1r•r· (except to 11.,- cmplorcc s wlic , ,,c;onabl;· 1·cqu11c 
. ;ir ,c lor tht• f>lltpo c her ·of and who ,tr bound to 1t br like ob 1g ~1.• 0 •1 

:o co11t1cfrnt1,d1 \) 1.1.1thout the cxpr • s wnt:cr1 I ~rm1 1un of 

11 t•>.ce1 t th 11. t Ill h,dl not be -~;-;;;-7~;-I ft 1111 Ill II' 

(,) prc,·1 0 1 ?)• kno,\11 to SHl; 

(b) !- bsl c;uc11tl)• o thc n, 1 c lc~,1lly cqu1 r,.d b>• SHI; 
( c) 1n the pubbc cl l!Hun .,~ of llils clnt,•: 01 

(d) sub C(l\Jcntlr CCll1l1ng llllO the pulJ!ic d Ill, In. 

Ht.ccipt o( 1d 1nfn1111,1t1011 hnll L>c '"1ll•out JJI·~J11dicc• l e> SI I' right 
tn co11tc l th•\ lhh tv o! ,In}' <'~I ti", nr !ut\11c J',lt cnt on the 1<Jt•,1 

anc! h dl n o t ht• d,,,.,n .. d n admit. 1011 u, the 110,·clt) or p,'11.cnt l tlll)' 
of the 1clca, or 1: p:-10Ttt}' or 0r1 ,:11,'ll1ty o n l!1 • Jl,lrl ot $Ill or oC lhl! 
parl1e•, 11 :ntd 1n thr a,\aJ p lent, Pl 1C,1l1011, 

"J HIS ACiIU;E:l\.11.r'T shnll rt•ina1n •1, c{{p,• t Co • n pcr1od Cl{ Three (J) 
Y c:a r!. J rnrn the cl,llc h • 1·cot. 

Jll JO J 3 
(1) c , JO 

S'fAI\T01:n HLS 1:AHC1I INSrITU'l'E, 
a C.il £orni curpor l1un, 

Uy 



AGREEMENT 

1111\ \(dU l.~ll 1'l, i:r11c:rc:J into thl\_ J.11 or ______ , 19_. b\ ~nJ hc:1v.ccn ~RI lntrrnation:il, a 

('ul,fur n1., I\Ollprnf II corpNallt•n. hcrc:111Jftc:1 referred to 4\ SR I , 1n1.1 _ I_IO_O_K_C_R_R..;E_S_f_:A..;.R;.;..;.r...;.11_.;,c..;.r_N_T_..;1.;;.:R..;._ ____ _ 

\\ 11 "- I SSL 1 II 

\\III' HI I\ Ii the Rl•,c-.ird1 ('11-:nt tlc,rrc, tu h,t\C SH I pcrf.,rm the rc~car,h \l'I\ llC~ hcrcin,1ltcr \Cl forth wntl 
S,U llc,irc!o to ptrfl1rm ,u,h ,c,.,.,cc,. 

NO\\' 1 lll.Rl~l <>RI.. 11, 11111111.111) ••~recd 

SH I ,h.1II cnnuuct for the Hl,c.trd1 he111 ;.1 rnc.irch 1•rnJCl t rclJt1n~ tc ___________ _ 

~I~ l.-iholi m onJ J.nvironmnntnl Screening Stud ten on 1"c-t.,1hl•lcd D1!chlor,1nr. 

1111tlmocp ri:.ul.rl ,ctlorthrn.HI\Prol'o~.11 ·u _J.5<.: 78-2(, ·---tl,,tcdJ..Q lcbru:i1LJfil. 
11 h, h n cpm rl b\ tlm rcll'rcn c 1, incu111nr.itctl hcrr1n, SR I u 'l\;c,- 11, lll'\ tc • , mu ' h turn: and :111cn11on 
1hcrc10 11, 1, rl:i~un.,hl) rcq11ircu 

, l he H.C\l'.Hlh ( It nt "Ill p.11 to SIU II sum not to ci.;cccu-1.:!.l t v- lx thou 1'V1•n 

-~t•I flftv JC\Jl 1 ·----CS..l!!..7'ill 1, 1thcrnr ,11•ru:ll th,11SIUv.l!l1111111i.1rrc,. 
ren,c, 111 C'\H\\ of ,1111 ,11111111111, 11111 v. 111 the l(c,c.11ch C hl'llt h nhhr:11c1l 111 re,nthur,e SI I ,n c,n• , of a1J 
... 111,,unt unlc , 11 n10d1ti,1111on to 1111 ;ipcemcnt ,h.,11 h.l\c hc..'\'I\ entered u11:.i hy the J",1111c, hcrc111 

1'10J lt cli11111c, rcncd Jucct ,rntl •n,lirci:1 cu,tc; 1nl'urrctl 11, pcrfu1ni.in,c of the ..., o,~. :ind ,111 RI fee 

4 ln\01,c ,h.,11 be renderc1f 111 th,• Rc,carch Ch nt b) SIU ii~ foll,rn, 
!1) lhcrc1.1uc tfnr n,1<h.inlc1kpo 11,hnlltic,,rc cntcdup1111e c ut1on,,r1h,, rcc11tnt,1nt1 h:illh• 
for :in 11n,uun1 rrc\11111 1, uctcrm,ni:J ,-. the ...,o,i.,n.: c 1111.11 I.H th" wntr~ct 

!h) ln\01u: 1111 ri:,e,,r h ,er\l\C~ !ih Ill he rendered 11hn111 c,cn four 11cc~ I he lir I u,h 1n,111r,• I II 
~u\, r the 1u:il lh,11i;c~ recnrdell \ln,c the h 1•1nn,n~ 111 the l'h'Jl',t, 1n,1 ,u,cecd111· ttl\01,e, h, 11 CO\cr 
thur cs rccorucll ''" c the cflt'l tt, ll,1tc cf the r11: e1l•11•• 1•1,rntc 

1r1 \\ her th.: ,t ,111111,1. 1,•d 1111,1 ur tnH,1,c, rdcrr,·u tn ,n thi: ill>II\C rc.1 he, the 101 ii 11thor11ctl runlh 
unllcr tl11s contra, 1, le the 11111,al tlcrostt, ,uh~r,111cnt 111-.01,c, for rcsc,,rch ,c,, ,,cs ,h.tll he nl .1111c111111,1n. 
1111111 t) pc 1.,, h ,11,h 1n\111u· h:,11 uc1lit the 011111111,1 111 d1.11~c, 1•,11nst the 11l11,11t c ll•1•n"1 
1,11 l po11 r11111plc11un of thl• pro1c, 1 .1 f11111I ''" 111\t' ,h.1II ~c r,·ndcrcd ,111tl .,11~ 11ncwc11d,•tl f11n11\ ,11.111 he 
return 1110 thr l{c,e 11, ht I cnt II ,inti v. hen\~ I re c1\" 1.,tc h,urc nl n •~n,11 • 111 ,mount r,, ,n ,,n c,, 
tc 1111 ""' ,• ,,ft,•r ,1111,.111n1111\•c..• h .. , lc~n •11 11\lltclf 11 ti,~ lt.,,,,11,h <. hcnt.~lll ,1,,,11 rem.fer ,1 p~• inl ,n , 
\OIH' 111 1hc i(c,c.ud1 < hcnt hir 1t,c u11101111t 1n1111\l.'IJ 

(c) ,\ II 111\0l,c~ uh111111rll h SIU 111 the H1: Cllf l1cn1 nrc lluc nil 11 1H,1hte upon rc~c,pt 

I( I I rC\S th.11 !I 1nfnrm 1111,n oht~,ncll thrOl•l'h "''''~ t•n the 1•rn1~d ,h11II I e 111,1dc 11,., l,1hl to thc 
Re,. m11 Client ut ,n 11me, ,uhJcct 10 the 11.rin, 1111 (Ont1111on ur th, 1Jirccmcn1 , anil 111, 1 SI< I v., t· omn1un1, 
rate 111om11tl) nd "1tl ut rc,1uc t illl 111for111Jtt0n ..., ht 11 11 lice 111, 1 co1111c11t III the f ,OJt' 1 • 11 pr i,rc,,c\ 
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t, Sil I 11.prc-., 1,1, :h,11 I.' 1d1 ol 11\ empln,ce, h,1, e111ercu 111111 , (111111.,u or cmpto, mc111 "l11lh pru,.1dc~ 
lor ·""l'1111 1.nt to !:,I{ I nl all 111,ention, m.,uc h, 1hc employee du11ni: the ,mn,c nr h, •mplm 111,:111 

~RI ,1!!rec, thilt 1f during the pcrn•d of th1' ai:,rcc1m·nt Jl1} oi 11s cmpl111 •·,;, ,h.111. to the nnv. lcdi;c nf SR I. 
lllJh' ;1 Ul\1.:0\Cr\ or 1,11cn111,11 rl\1111' out 111111111-. 1111 pf\llCCI\ ,1,1111\orcd umh:1 1111, ,1l'rl·cmcnt, HI v.111 prompt!) 
111.1,c the f,1d 01 ,11d1 dl\1ll1l'1 1 i..nm,1110 th..: ltr-.c.1rd1 ( h,:at l lp,,11 lhc r,•1111..:,1 of the Rc~c.ird1 ("1c111 ~IU 
ill' fl'1·, to 11,c 1" he, t cl I llf h to l ,111,c ,11l h c111 pin} 1.:c~ to mai..c 111'1'11, ·111un I or lctters pJ tent S ll I f urt h1:r ,11!n:c, to 
,h"l'n to the Re,c.1r1h Client J111 ,1111I nil r1rht~ !:>K I nrn) ha,c or 111,1} :i,;,cn to ~ud1 in,en1111n or d1~1.01crv The 
,,pphc,1111111 for lctl~·r• 1 .11cn1 ,h,111 h,· ma,lt; .11 the ex1•cn~c of Jhl' Hc,c.11l11 (.'hcnt nnu throi 1

1 a110111c~, n.1111cd 
1,) thc l{c-.c,1rch ( llent ,111d 11" 11111111.1111 ,ll'fl'CU th.II an} .,nd ;ill C\N''""' 1nd111l111i: • 1,iff 1111,c und t1,11cl lor or 
111 u111•1cl111111 ,,1th thl' prcp.ir.1111111. lllinl!. pm,rr.11111111 , ;i,-.1r11mc111 .111d rc111rd111l' of ,1,lh ;q,pl1l;111011, arc p,1)• 
,1hle h> the Rc,c.ird1 ( hcnt <\II \mh C\f'cn,cs 111cur1nl h~ ~IU ,:,,111 he ,cp.11,1td) 101111,cd to anti pu11l hy the 
Rc,cJh:h lhcnt 1111ho111 rdcrcn1.:c hi the"'"' pro,,1kd tor 111 P,11,1!!r,1ph 1 JhO\C 

7 I he l{cw,m·h ( hc111 ,1pu., th.ii 11 ,, Ill 11,11 u,c the n.1111e ,,r ",ll l c11hc1 1•,1irc,\1·d 111 11111'li1·.l 111 .111) of 11, 
,11h1·rt1\1l11! 1H ,,ill, pron111111111,d 111,11c11,d 111 1hc c1c111 Kc~c.ul'' ( l1c111 in1e11d, 11, d1,111hu11• 011"1uc ol 11, 1111n 
,m•.11111,111011 ,1111 rqw111,,ucd u1vh:r 1h1, prn1cu . ,u1h report ,h.1,I he 11, din 11, cniirct) . unlc,, :Ill) f'rOJ"O\Cd 
,11111n11r1 or .1hml.:1·mc111 or 1lw 1ep11rt h,1, hl•,·n tir,t npp111\cd h, '>It I ~RI ,11·rc,·, 11 1\ di n,11 p11hl1,h 111 1111 • 
i..111111n 111 nthcl\ the 1cwlh ol ,,111J rc,c.11 d1 111,e,111•,111011 ,r 111l11111•at11111 •1b1.11ncd 1hcrclr11111 w11h 1111 "l'I''" 1 

111 1-r11111~• 1111111 1111: H1·,,·.11d1 < hcnt ~HI ,1r•cc-. th.11 unh.,, ,r,L11i°1L,ill> ,1u1ho111cd 111 11 r111n1• h) 1hc lh•~1·.ir1.n 
C.111111. 11 ,, di n111 ct>ndu\\ 1,,r ,111) other p,·r,nn dur111i.1l.c 1cr,.1 ol ti"' ,1rrccmcn1 ,n,cst1t!,111on\ \\11h1n the \topc 

"' 1h1· Ph'JC\ I 

R ~1{ I ,h,111 1,rn1n1l'nl'.c pcrf1ir111,111cc ol 1111, J'lllJCCI on or ,1h11u1 ________________ _ 

,111d ,h,111 111,,i..,· c,,·1) rL',I\Pn,1hlc cflc11t 111 ,11111plctc ,111h v.111i.. h) ----------------· 
unlc" tlw pcrr1 ' ul pcrlt1rn1,1f'lL' "c,tL'IHlnl h> n1111u,1I ,11-'.r1•1•1 11 c11 1 in 1111111,i: I he Hc,c.ird, ( h1·nt ,1i:rc1·, to 
r111• "" I 111111\ 11 11 11111r of 11, 11i:c11111111' rq ,11 d1111• r..:nc...,,11 ol 1h" ,11:rcc111cr:, ,11 ll·."t thllt) (.1111 d,11-. pri,11 tu the 
c,11111Jtul 111111plct11in UJIC 

11 !be l{i.;,c,1rd1 ( 111•111 rc,L'11e~ 1h rii:ht :i11•,1111cl tlm ,11•rLc111111t b111 ,11•1cr, to1•11e th1r:1 (11ll d.1), 11r1t• 
ten 11111~ 1· 111 SH I ,r 11, d:\ 111111111 "1 ·.•1111111,1 tc In uLh c,ent, 'ill I 11111 u,11111• 11, liL ,t dl11111111nwd1,11ch 111 llli• 
1,11I, h,,ll'L' J:•d 10:,111, :mc111, 111 th" l''''J1'll 

( ",' \1 11 ~ I· '1'-i W 111 ll I I 11 , the p 11 '"'~ lwrdv h "c on 111,·d th~ ,, 'll'1'111c111 thl' tl,1) ,intJ \ c .11 f.r!\1 ,1t•O\l' 
v.1111,·n 

SI{ I lt\lCII\ 1111111,11 ·------·------------- . 
111 ________________ , II) __________ ....... ____ _ 

l 11lc _____ -------~ 111lc_ -----------~ 
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AGREE IA J:: NT 

TllIS AGREEMENT, cHcct1vc _____ ____ , 19 __ _ 
between ST ANFOH.D RESEARCH INST!'... JTE (S!U) and 

aha.11 
govern the conditions o! disclosurc- by __________ _ 
of ccrta,n confidential information to be submitted to SRI relating to 

With rcgar to the s.:iid information, SIU hereby ai;rc~s not know1ngl}· 
lo use such 1nformalion, !or 1tscl£ 01· others , or to disclose such 
informatnm to others (except to its employees who reasonably tC<[\lin· 

s.imc for the purpose herl'Of ;ind who arc bo1.1nd to it by lik" obh ation 
as to confldentialily) without the xprcss written permission o( 

except th t SIU t1ha.ll not be 

prevcnlt•d !r0m Ubns or cli!1clos1ns inform lion: 

(_.) previou s ly l<.nown to SIU; 
(b} sub&cquently otht· rv,i~c leg lly ac,1ui r~d by SRI; 
(c.) in the pltblic clom in .\S of this d , lC'; •H 

(d) subs\•qucntly comins into the• pubhc domain. 

Hccc1pt. of snit! in!orr:)~lion slinll be without pn•;'ldic-c Lo SRI' s : q;ht 
to cc,nt !>l the , .:ili<.hly oJ ,1ny existing or fut\lre p,1te11t on the idea 
and sh lll not l:H .. clt•l!tn<'<l ,rn admission of lhc novelty or pntC'ntnbillLy 
of the idc,,, or of prio:ity or orii;in1'1ily or, the po.l't of SRI or of the• 

p :1.r t ir!& nnmcd 1n lhc a it! pillcnt o.pplica.l.ion. 

THlS AGH.l::L~IETlT &hnll r main in cf!cl..t !or o period of Three (3) 

Ye,irs from the d,ite her o{. 
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\l) C, }q(,H) 

ST ANF'ORD n.1-:St:AHCH lNST lTUT E, 
a C li{orni corpor-, tio11, 

Dy 

By 



AGREE t-.1 ENT 

THIS A GREEMENT , c!fectivc ::-----~~="'."'"~=-~::-=---:-' 19 __ _ 
between STANFORD RESEARCH I NSTITUTE (SRI) and 

•hall govern the conditions o! disclosure by 

of cPrtain confidential information to b. ~mittcd to sru relntins to 

With rcsard to tl1c said information, SRI hcrt!by agrees not knowinP,ly 
to use such information, for 1tse1I or 0U1ers, or to disclose such 
information t :> other~ (except to i t s employees who r eason;ibJy r cr:1airc 
sarr.c for the purpose hcr.!of nd who arc b1Jund to it by lik.J oblit:-1tion 
as to con!idcntiahty) without the express written permission of 

except that SIU shall not be ,..,.,,-.,..._ __ _ 
prevented lrurn usinc o:.· duclosins 1nformat1on: 

(a) pr •viou ly known to SRI; 

(b) suhscqucnll>• othe rwisc !cgnlly , cqui rctl by SRI; 
( c) in the p\Jblic- domain ns o! this date; or 
(d) subsequent!:,, cornin~ into the public domain. 

Receipt o! r id info i·m , tion ~h 11 bt- wi t!-iout pr judicc to SR1 1 • 1·isht 
i o r:ont '>t th ~ validity of ..inr existinij or futurr. p.i.tcnt on the id1•n 
and shall not b dccmc<.I un <.lmia 10n r>! the novchy or pi\lcntability 
of the idea, or of ;,rio1·1t>• or ori inality on tlic p.i.rt tt SIU or of the 
partie s nam ti in the said pat~nt application, 

THIS AGRr.;r:r-.11.;.;NT shaiJ remain 1n !! •ct !or n p riod o! Thl"ce (3) 
Y ra !rorn the date hereof. 
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( Dec. l 968) 

STANFORD R£SEARCJ.i 1NSTI1'UTE, 
C li!orni corporation, 

By 

Dy -------~--------





C~TIFICATE Of AUTHENTICITY 

llilS 1S TO CERTIFY Iha& the ,nk:tolmagu cp,. earing on 1h11 mlctollc:he 111 ~ 
11\d com.,a.&e rtproduc:Uon,1 of I.ht re;o,dl ol U.S. Environmental Prot.cUon Agency 

• doc~&a u de!Mred In the regular courM of buline11 lot mlcf~tUml(/J 
Pola prod•- · 7 /0 9_;. '{OflM1 /L, 'fu. lM luio 

(Mon&h) (Day) (Y1ar) CamerA C?~rl&Ot 

a 
AMTEi< 

corp 




